Evaluation of Instream Flow Methodologies for Fisheries in Nebraska by Hilgert, Phil
University of Nebraska - Lincoln
DigitalCommons@University of Nebraska - Lincoln
Nebraska Game and Parks Commission
Publications Nebraska Game and Parks Commission
1982
Evaluation of Instream Flow Methodologies for
Fisheries in Nebraska
Phil Hilgert
Nebraska Game and Parks Commission
Follow this and additional works at: http://digitalcommons.unl.edu/nebgamepubs
Part of the Aquaculture and Fisheries Commons, and the Terrestrial and Aquatic Ecology
Commons
This Article is brought to you for free and open access by the Nebraska Game and Parks Commission at DigitalCommons@University of Nebraska -
Lincoln. It has been accepted for inclusion in Nebraska Game and Parks Commission Publications by an authorized administrator of
DigitalCommons@University of Nebraska - Lincoln.
Hilgert, Phil, "Evaluation of Instream Flow Methodologies for Fisheries in Nebraska" (1982). Nebraska Game and Parks Commission
Publications. 39.
http://digitalcommons.unl.edu/nebgamepubs/39
EVALUATION OF 
INSTREAM FLOW 
ME1HOOOLOGmS 
FOR FISHERIES 
IN NEBRASKA 
:: 
BY 
PHIL HILGERT 
EVALUATION OF 
INSTREAM ROW MEmODOLOGmS 
FOR FISHERIES 
IN NEBRASKA 
BY 
PHIL HILGERT 
Edited by Gene Zuerlein 
Nebraska Technical Series No. 10 
Nebraska Game and Parks Commission 
Lincoln, Nebraska 
1982 
Funded by the U.S. Fish and Wildlife Service 
Under Contract No. 14-16-0006-78-002 
4 
ACKNOWLEDGMENTS 
Sincere thanks are extended to the employees of the 
Nebraska Game and Parks Commission for their support 
and assistance in collecting field data. A special thanks to 
Gene Zuerlein, Fisheries Research Supervisor, Nebraska 
Game and Parks Commission, for his encouragement 
and patience during preparation of this manuscript. 
To members of the Cooperative Instream Flow Ser-
vice Group, I wish to extend my appreciation for their tech-
nical advice and continued interest in the advancement 
of instream flow technology. 
For reviewing this manuscript, I wish to thank Dr. 
William J. McConnell, Colorado State University; Dr. 
James V. Ward, Colorado State University; and Dr. Clair 
B. Stalnaker, Cooperative Instream Flow Service Group. I 
am deeply indebted to Dr. Clarence A. Carlson, Colorado 
State University, for his guidance, knowledge and assist-
ance during this study. 
The author wishes to also recognize the diligent work 
of Liz Huff, Rosemary Upton and Leland Busch of the Ne-
braska Game and Parks Commission, without whose help 
this report would not have been printed. 
TABLE OF CONTENTS 
Page 
LIST OF TABLES ................................................ 5 
LIST OF FIGURES ............................................... 6 
LIST OF APPENDICES . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 7 
ABSTRACT ..................................................... 8 
INTRODUCTION. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 9 
METHODS ...................................................... 10 
Tennant method ............................................. 10 
Modified Tennant method ..................................... 11 
Single Cross-Section method .................................. 11 
Incremental method .......................................... 13 
IFG4 (Instream Flow Group 4) ............................. 14 
Water Surface Profile (WSP) .............................. 15 
RESULTS AND RECOMMENDATIONS ............................. 17 
Nine Mile Creek .............................................. 17 
Republican River ............................................. 21 
Elkhorn River ................................................ 24 
North Loup River ............................................. 26 
Cedar River ................................................. 26 
Snake River ................................................. 29 
Little Blue ................................................... 35 
West Fork Big Blue ........................................... 36 
North Fork Big Nemaha ....................................... 37 
Long Pine ................................................... 39 
SUMMARy ...................................................... 43 
REFERENCES .................................................. 45 
APPENDICES ................................................... 46 
LIST OF TABLES 
Table Page 
1 Instream flow regimes for fish, wildlife, recreation ar.d 
related environmental resources (Tennant 1976) ........................ 11 
2 Single Cross Section Output. Data collected on the 
North Loup River, Elba, Nebraska . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12 
3 Minimum stream discharge (cfs) satisfying depth criteria 
for rainbow trout in Nine Mile Creek .................................. 19 
4 Comparison of instream flow recommendations (in cfs) 
derived from selected methods for Nine Mile Creek. . . . . . . . . . . . . . . . . . . .. 19 
5 Comparison of instream flow recommendations (in cfs) derived 
from selected methods for the Republican River near 
Guide Rock, Nebraska . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 
6 Fish species collected from selected rivers during 1973 
statewide stream inventory (Bliss and Schainost 1973) . . . . . . . . . . . . . . . . .. 24 
5 
6 
7 Comparison of instream flow recommendations (in cfs) derived 
from selected methods, Elkhorn River near Ewing, Nebraska ............ 26 
8 Comparison of instream flow recommendations (in cfs) derived from 
selected methods, North Loup River near St. Paul, Nebraska ............ 26 
9 Fish species collected from the Upper Cedar River . . . . . . . . . . . . . . . . . . . . . . . .. 29 
10 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, Cedar River near Ericson, Nebraska ........... 29 
11 Fish species collected during and after 1963 renovation of Snake 
River, Cherry County, Nebraska ...................................... 30 
12 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, Snake River near Burge, Nebraska ............ 33 
13 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, Little Blue River near 
Deweese, Nebraska ................................................ 36 
14 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, West Fork of the Big Blue River 
near Dorchester, Nebraska .......................................... 36 
15 Flow records for the North Fork of the Big Nemaha River near 
Humboldt, Nebraska, 1968-1977 ..................................... 38 
16 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, North Fork of the Big Nemaha 
near Humboldt, Nebraska ........................................... 38 
17 Comparison of instream flow recommendations (in cfs) derived 
using selected methods, Long Pine Creek near Riverview, Nebraska ..... 40 
LIST OF FIGURES 
Figure Page 
1 Selected Nebraska study streams ........................................ 10 
2 Average stream parameters calculated by Single Cross-
section Program. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 12 
3 Crossing bar showing reduction in mean depth ............................ 12 
4 The Incremental Method ................................................ 14 
5 Least squares regression of three velocity-versus-
discharge pairs ....................... .'. . . . . . . . . . . . . . . . . . . . . . . . . . . .. 15 
6 Rainbow trout periodicity, Nine Mile Creek, Fall 
spawning run ...................................................... 17 
7 Rainbow trout periodicity, Nine Mile Creek, Spring 
spawning run ...................................................... 17 
8 Upper Nine Mile Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
9 Middle Nine Mile Creek ................................................. 18 
10 Lower Nine Mile Creek. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 18 
11 Potential habitat (WUA) vs. discharge for rainbow trout, 
Nine Mile Creek near Minatare, Nebraska. Data 
plotted from IFG4/HABTAT computer program ......................... 20 
12 Potential habitat (WUA) vs. discharge for rainbow trout, 
Nine Mile Creek near Minatare, Nebraska. Data plotted 
from WSP/HABTAT computer program ............................... 20 
13 Republican River at Guide Rock, Nebraska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 22 
14 Republican River at Superior, Nebraska ................................... 22 
15 Potential habitat (WUA) vs. discharge for channel catfish, 
Republican River, upper study site, near Guide Rock, 
Nebraska. Data plotted from WSP/HABTAT computer program .......... 23 
16 Potential habitat (WUA) vs. discharge for channel catfish, 
Republican River, lower study site, near Superior, 
Nebraska. Data plotted from WSP/HABTAT computer program .......... 23 
17 Elkhorn River at Clearwater, Nebraska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 25 
18 Potential Habitat (WUA) vs. discharge for channel catfish, 
Elkhorn River, near Clearwater, Nebraska. Data plotted 
from WSP/HABTAT computer program ............................... 25 
19 North Loup River at Elba, Nebraska ...................................... 27 
20 Potential habitat (WUA) vs. discharge for channel catfish, 
North Loup River near Elba, Nebraska. Data plotted from 
WSP/HABTAT computer program .................................... 27 
21 Cedar River near Ericson, Nebraska. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 28 
22 Potential habitat (WUA) vs. discharge for channel catfish, 
Upper Cedar River near Ericson, Nebraska. Data plotted 
from WSP/HABTAT computer program ............................... 31 
23 Brown trout periodicity, Snake River, Cherry County, Nebraska .............. 31 
24 Upper Snake River, Cherry County, Nebraska ............................. 32 
25 Middle Snake River, Cherry County, Nebraska ............................. 32 
26 Lower Snake River, Cherry County, Nebraska ........................... '.. 32 
27 Potential habitat (WUA) vs. discharge for brown trout, 
Snake River near Burge, Nebraska. Data plotted 
from IFG4/HABTAT computer program ................................ 33 
28 Potential habitat (WUA) vs. discharge for brown trout, Snake 
River near Burge, Nebraska. Data plotted from WSP/HABTAT 
computer program . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 34 
29 Little Blue River near Oak, Nebraska ..................................... 34 
30 Potential habitat (WUA) vs. discharge for channel catfish, 
Little Blue River near Oak, Nebraska. Data plotted from 
WSP/HABTAT computer program .................................... 35 
31 West Fork of the Big Blue River near McCool Junction, Nebraska. . . . . . . . . . .. 36 
32 West Fork of the Big Blue River near Dorchester, Nebraska. 
Medium Flow ...................................................... 36 
33 Potential habitat (WUA) vs. discharge for channel catfish, 
West Fork of the Big Blue River near Oak, Nebraska. 
Data plotted from WSP/HABTAT computer program .................... 37 
34 North Fork of the Big Nemaha River near Humboldt, Nebraska .............. 38 
35 Potential habitat (WUA) vs. discharge for channel catfish, . 
North Fork of the Big Nemaha River near Humboldt, , 
Nebraska. Data plotted from WSP/HABTAT program ................... 39 
36 Long Pine Creek near Long Pine, Nebraska, Upper Study Site .............. 40 
37 Long Pine Creek near Long Pine, Nebraska, Middle Study Site .............. 41 
38 Long Pine Creek near Long Pine, Nebraska, Lower Study Site .............. 41 
39 Potential habitat (WUA) vs. discharge for rainbow trout, Long 
Pine Creek near Long Pine, Nebraska. Data plotted from 
WSP/HABTAT program ............................................. 42 
LIST OF APPENDICES 
Appendix Page 
A Channel Catfish Habitat Suitability Curves. . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . .. 46 
B Proposed Procedural Changes for Merritt Reservoir 
Designed to Increase the Potential Habitat (WUA) 
of the Snake River Downstream of the Reservoir. . . . . . . . . . . . . . . . . . . . . .. 50 
7 
8 
ABSTRACT 
Five instream flow methods were applied to a variety 
of streams within the state of Nebraska. These were 1) 
the Tennant method, 2) a modification of the Tennant 
method, 3) IFG1 A, a single cross-section average-
parameter method, 4) the Incremental method, using the 
WSP hydraulic simulation program and 5) the Incremental 
method, using the IFG4 hydraulic simulation program. 
Each method was applied following standard pub-
lished procedures, and instream flow recommendations 
were developed for the streams addressed using each 
method separately. Evaluation of the methods showed 
that the modification of the Tennant method overcame 
some of the deficiencies of the Tennant method and ap-
pears to be most useful for Nebraskan reconnaissance-
grade studies. Where instream flow issues might be re-
solved through negotiation, or where they involve valu-
able fishery resources, the Incremental method might be 
justified. An investigator, using the WSP program for un-
stable bed streams and the IFG4 program for stable bed 
streams, can assess the effects of altered flow regimes on 
stream fisheries. Although requiring a greater time and 
financial commitment, the Incremental method can be 
used to provide the information needed for responsibly 
resolving conflicts. 
INTRODUCTION 
As a result of the high demand for water by various 
competing interests, the value placed upon water has in-
creased markedly. Although the value of water withdrawn 
from a stream for agricultural, industrial, or municipal use 
has been commonly recognized, instream values have 
been largely ignored. Instream values refer to the uses 
made of water remaining within the stream channel. 
These uses include navigation, hydropower generation, 
waste assimilation, recreation, groundwater recharge, 
sub-irrigation, stock watering, aesthetics, and fish and 
wildlife interests. The instream values of water need to be 
recognized, and steps taken to insure their protection. 
rhe instream flow requirement for fish and wildlife is 
the flow regime necessary to maintain levels of fish, 
wildlife, and other dependent organisms consistent with 
the management objectives of a resource agency. 
Numerous methodological approaches to quantifying the 
instream flow requirements of fish, wildlife, recreation, 
and other instream uses exist. Each method has inherent 
limitations which must be examined to determine appro-
priate methods for recommending stream flow quantities 
in Nebraska. Because of the high demand for water, a 
reasonably accurate method of determining instream flow 
requirements must be selected if the state's instream re-
sources are to be protected. 
This report is a summary of a joint project between the 
Nebraska Game and Parks Commission and the U.S. 
Fish and Wildlife Service (USFWS) to evaluate selected 
instream flow methodologies. The USFWS Instream Flow 
Service Group funded the project and recommended 
several methodologies for evaluation. Five methods de-
signed to quantify fisheries instream flow requirements 
were finally chosen: (1) the Tennant or Montana Method, 
which is the most common example of a fixed percentage 
methodology; (2) a modification of the Tennant method, 
developed by the Nebraska Game and Parks Commis-
sion; (3) the Instream Flow Group 1A (IFG1A) computer 
program, which is a prime example of a single cross-
section methodology; (4) the Incremental Method using 
the Water Surface Profile (WSP) hydraulic simulation 
model with the USFWS Instream Flow Group's HABTAT 
program as an example of a multiple cross-section com-
puter methodology; and (5) the Incremental Method using 
the USFWS Instream Flow Group's IFG4 hydraulic simu-
lation model with their HABTAT program. 
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METHODS 
To fully test the selected methods, streams repre-
senting a wide range of morphologies and fisheries were 
identified. A list of prospective stream reaches was de-
veloped and ranked according to the presence of valuable 
non-fishery instream uses, statewide or regional fishery 
value, recommended priority as suggested by the De-
partment of Environmental Control and Department of 
Water Resources, and stream morphology. 
Twelve of the highest-ranking streams representing 
the various stream-form classifications were selected. 
The five methods were then applied to the following 
streams (Figure 1): 
(1) Nine-Mile Creek from headwaters to confluence 
with North Platte River (3 study sites), 
(2) North Platte River from Wyoming/Nebraska state 
line to Lake McConaughy (2 study sites), 
(3) Snake River from Merritt Dam to confluence with 
Niobrara River (3 study sites), 
(4) Niobrara River from confluence with Fairfield 
Creek to confluence with Keya Paha River 
(1 study site). 
(5) Long Pine Creek from headwaters to confluence 
with Bone Creek (3 study sites), 
(6) Elkhorn River from confluence with South Fork El-
khorn River at Ewing, Nebraska to Norfolk, Ne-
braska (1 study site), 
(7) Cedar River from headwaters to Lake Ericson (1 
study site), 
(8) North Loup River from confluence with Calamus 
River to confluence with Loup River (2 study sites), 
(9) West Fork Big Blue River from confluence with 
School Creek to confluence with Big Blue River (2 
study sites). 
(10) Little Blue River from confluence with Pawnee 
Creek to confluence with Big Sandy Creek 
(1 study site). 
(11) North Fork Big Nemaha from confluence with Elk 
Creek to confluence with South Fork (1 study site), 
and the 
(12) Republican River from Superior-Courtland Diver-
sion to Nebraska/Kansas state line (2 study sites). 
Data from the Niobrara and North Platte Rivers were not 
analyzed because of time and budget constraints. 
Stream study sites were chosen using the repres~n-
• Figure 1. Selected Nebraska study streams. 
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tative reach concept detailed by Bouvee and Milhous 
(1978). The concept assumes that changes in hydraulic 
parameters related to changes in discharge at a given 
study site are representative of any other site within the 
selected stream segment. Topographic and geologiC 
maps, stream flow records, aerial photos, and on-site field 
investigation are collectively used to examine major 
stream characteristics. Individual study sites are then 
selected to represent homogeneous stream segments. 
Field data were collected during high, medium and low 
flow conditions at each study site. Analysis of the annual 
flow patterns of the study streams using U.S. Geological 
Survey Water Resource Data books (1968-1977) yielded 
a predictable annual flow regime which could be used to 
schedule field trips. High priority sites were scheduled first 
to increase the chance of obtaining the needed data. 
Using this information, a tentative field schedule was es-
tablished which compromised between optimum sam-
pling periods and travel efficiency. 
Actual survey procedures and equipment reqwre-
ments were detailed at length by Bovee and Milhous 
(1978). Knowledge of differential surveying is needed as 
well as a good understanding of stream gaging equip-
ment. Most water resource personnel can acquire the 
needed skills with several days of training, but at least 
one crew member should be thoroughly acquainted with 
computer analysis of the data. Many field measurement 
decisions can be made only with the full knowledge of the 
computer programs used in data analysis. 
Tennant Method 
The Tennant or Montana method is one of the most 
widely known examples of an instream flow method de-
signed to protect fish and wildlife interests. Tennant 
(1976) conducted studies on 11 streams in Nebraska, 
Wyoming, and Montana representing a wide range of 
stream morphologies. Between 19'64 and 1974, he 
analyzed the physical, chemical, and biological changes 
in the streams over the range of their annual flow fluctua-
tions. Aided by U.S. Geological Survey and state and 
federal wildlife personnel, he took numerous cross sec-
tional measurements over 196 mi (315 km) of streams. 
Tennant concluded from his studies that changes in 
aquatic habitat are remarkably similar among streams 
1. Nine-Mile Creek 
2. North Platte River 
3. Snake River 
4. Niobrara River 
5. Long Pine Creek 
6. Elkhorn River 
7. Cedar River 
8. North Loup River 
9. West Fork Big Blue River 
10. Uttle Blue River 
11. North Fork Big Nemaha 
12. Republican River 
having similar average flow regimes. 
Tennant surmised that an average stream depth of 1.0 
ft (0.3 m) and an average water velocity of 0.75 ftls (0.23 
m/s) were the critical minimum physical requirements for 
most aquatic organisms (USFWS 1966). He found that 10 
percent of the average annual flow satisfied the minimum 
criteria and would sustain short-term survival for most fish 
species. At 10 percent of the flow, channel widths were 
significantly reduced and side channels and riffle areas 
severely dewatered. The fish would crowd into the re-
maining holes where high water temperatures during July 
and August would lead to increased mortality. 
To sustain good survival habitat, Tennant found that 
30 percent of the average annual flow was adequate. 
Depths and velocities generally increased at this flow and, 
except for wide shallow riffle areas, most of the channel 
would be adequate for fish movement. Water temper-
atures did not reach critical limits and, while invertebrate 
organisms were adversely affected, fish production was 
not food limited. 
Tennant determined that 60 percent of the average 
annual flow provided excellent to outstanding habitat for 
small aquatic species and presented no obstruction to fish 
migration. Most of the stream channels were covered with 
water, and the majority of stream banks provided cover for 
fish. Using this information, Tennant proposed a range of 
percentages of the average annual flow regime to 
maintain desired flow conditions on a semi-annual basis 
(Table 1). 
The initial step in the Tennant method is to determine 
the average annual flow or discharge of the stream under 
investigation. The values can usually be calculated from 
Water Resource Data books published annually by the 
U.S. Geological Survey. For this study, average annual 
flow was established as the summation of the average 
monthly flows for the 10-year period 1968-1977. The 
period of record is commonly used for determining aver-
age annual flows; however, the 1 O-year period 1968-1977 
accurately reflected current stream conditions. After av-
erage flows are determined, recommendations can be 
calculated by multiplying the average annual flow by the 
percentage associated with the desired quality of flow 
(Table 1). This recommendation is then referenced to a 
local monitoring point. The monitoring point, in most 
cases, is the U.S. Geological Survey gaging station at the 
downstream end of the stream segment. Recommen-
dations derived from the Tennant method, as well as all 
other methods, are stated in terms of instantaneous flows. 
Instantaneous refers to the concept that the flow should 
meet or exceed the recommended figures at all times. 
Tennant recommends an intensive use of the method 
to produce a more robust recommendation for a stream. 
The average annual flow is determined and the stream 
visited to observe, photograph, sample, and study flow 
regimes approximating 10%, 30%, and 60% of the aver-
age flow. Using this information, the investigator adjusts 
the recommendation to the most appropriate and reason-
able flow deemed necessary. This approach relies 
Table 1. Instream flow regimes for fish, wildlife, recrea-
tion, and related environmental resources (Ten-
nant 1976). 
Flow description 
Flushing 
Optimum range 
Outstanding 
Excellent 
Good 
Fair, degrading 
Poor, minimum 
Severe degradation 
Recommended flow regime 
October-March April-September 
200% of the average annual flow 
60-100% of the average annual flow 
40% 60% 
30% 50% 
20% 40% 
10% 30% 
10% 10% 
< 10% < 10% 
upon the professional judgment and reputation of the in-
vestigator to sell the recommendation to an adjudicator 
and requires at least three full man-days to derive each 
recommendation. 
The synthetic office approach is most commonly used 
for this method and was followed for this study. Instream 
flow recommendations were computed using Tennant's 
recommendation for a "good" stream condition. This cor-
responds to a 20% value from October through March 
and 40% during April through September. 
Modified Tennant Method 
Tennant based his recommendations on studies of 
streams with periods of high spring runoff. Applying the 
Tennant method to streams with stable uniform flow may 
allow for unprecedented low flow conditions. Many of the 
streams flowing out of the Sandhi lis region are notable for 
their uniform flow (Keech and Bentall 1971). Discharge 
from these streams is stable because the flow is largely 
derived from ground water. To adjust for these conditions. 
several biologists with the Nebraska Game and Parks 
Commission applied Tennant's percentages to a base 
flow estimate instead of the average annual flow. Using 
the median monthly flow during November, December, 
and January as an estimate of base flow, stream flow 
recommendations were calculated for the streams under 
study. 
The median monthly flow for November, December, 
and January for the 10-year period 1968-1977 repre-
sented the average base flow. Tennant's recommenda-
tion for a good stream condition (20%-40%) was then 
averaged to 30% and applied to the base flow estimate. 
Single Cross-Section Method 
The IFG1A Single Cross-Section Method is a proce-
dure for determining the flow which maintains the essen-
tial habitat requirements of particular target species. 
Using the IFG1A computer program, an investigator can 
calculate for a given stream cross-section, average hy-
draulic parameters for discharges in addition to those ac-
tually measured. 
The IFG1A program was developed by R. T. Milhous. 
It contains certain features of the U.S. Forest Service R-2 
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DISCHARGE = AREA x VELOCITY 
AVERAGE DEPTH = AREA/WIDTH 
AVERAGE VELOCITY = DISCHARGE/AREA 
HYDRAULIC RADIUS = AREA/WETTED PERIMETER 
Figure 2. Average stream parameters calculated by Single Cross-Section Program. 
Cross-Section program and allows data gathered for the 
R-2 Cross program to be used with the IFG1A. This pro-
gram calculates average parameters (Figure 2) and cer-
tain width/depth information, which makes the program 
output easier to analyze while providing additional needed 
information. 
The program uses data collected from single transects 
placed at critical or representative study sites. If transects 
are placed at critical study sites, the investigator assumes 
that conditions must be met at these sites to protect the 
fishery. On streams supporting migratory species, a criti-
cal study site might be at a barrier to migration or across a 
spawning bed sensitive to changes in flow. If represen-
tative study sites are chosen, the investigator assumes 
that the transects will act as indicators for the stream 
segment; the effects of changing flows at this site will 
represent the effects of changing flows on the entire 
stream segment. For this study, a representative con-
cept was followed, and transects were placed at crossing 
bars of the study sites chosen for the other methods. 
Crossing bars are-the shallowest sections of sand-bed 
streams (Figure 3) and will show the effects of reduced 
flows first. 
Field data collected along transects include mea-
A 
"\;:; .. =~--==--;;i"./ 
Figure 3. Crossing bar showing reduction in mean depth. 
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surements of the stream bottom profile, water-surface 
elevation and discharge. The program then calculates 
that portion of the total stream width which meets or ex-
ceeds a specified depth. For,example, the North Loup 
River near Elba, Nebraska was measured at 1,254 cfs 
(35 cms). Data measured at this flow were entered into 
the computer to predict data for the North Loup River at a 
lower flow (Table 2). Predictions are repeated for various 
flows until the minimum flow which fulfills target species 
requirements is determined. 
Table 2. Single Cross Section Output. Data collected on 
the North Loup River, Elba, Nebraska. Mea-
sured flow = 1,254 cfs, Predicted flow= 495 cfs. 
Flow in CFS= 494.52 
Area= 297.6 sq. ft, Maximum depth= 2.91 ft, 
Average velocity= 1.661 ft/st, 
Wetted Perimeter= 295.6 ft, hydraulic radius= 1.007 ft, 
Slope= .0015 percent, 
Surface width= 293 ft, Average depth= 1.01 ft. 
Width with depth greater than or equal to .20 feet is 246.3 feet 
Width with depth greater than or equal to .40 feet is 196.6 feet 
Width with depth greater than or equal to .50 feet is 188.5 feet 
Width with depth greater than or equal to .60 feet is 184.1 feet 
Width with depth greater than or equal to .80 feet is 165.8 feet 
Instream flow recommendations are set at the 
minimum discharge which will satisfy the physical re-
quirements of selected fish species. A wealth of informa-
tion exists on the requirements of trout and other sal-
monid species in rocky pool/riffle type streams (Smith 
1973, Thompson 1974). The specific stream habitat and 
lifestage requirements for many of the fish species found 
in Nebraska, however, are relatively unknown. 
For this reason, warmwater streamflow recommen-
dations were set at the minimum flow which meets or 
exceeds 25% of the bank-to-bank width with depth 
greater than 0.4 ft (0.1 m). Discussions with Nebraska 
Game and ParKs Commission biologists and measure-
ment of the body depth of 20-24 in (0.5-0.6 m) standard 
length channel catfish suggested that this criterion should 
provide sufficient stream flow for passage of adult chan-
nel catfish in spawning condition. It was assumed that 
migration requirements were adequate for all other life-
stage requirements. This assumption was not field tested 
and needs further evaluation. A short bar of shallow water 
might not present an obstacle to adult channel catfish, but 
a longer stretch of shallow water of the same depth might 
prevent further upstream migration. 
Improvement and documentation of warmwater 
species criteria are needed but not. addressed in this 
study. The recommendations in this report are computed 
from field data collected during medium flow conditions 
using the suggested warmwater criteria for fish habitat 
requirements. 
Incremental Mefhod 
The Cooperative Instream Flow Service Group (lFG) 
developed the Incremental method to quantify the effects 
of incremental changes in stream flow upon fish habitat. 
Although it requires significant commitments in time and 
money, it supplies information for determining instream 
flow requirements and on alternative flow regimes (in-
valuable during arbitration). The physical habitat simula-
tion model (PHABSIM) is comprised of two parts: 
1) a hydraulic simUlation program, which will predict the 
values of hydraulic parameters for a range of flows 
. from either a single measured flow (WSP) or two or 
more measured flows (IFG4), and 
2) a habitat assessment program called HABTAT, 
which rates the predicted hydraulic conditions for 
their relative fiSheries values. 
Each stream under study is divided into segments of 
homogeneous morphology determined by using topo-
graphical maps, aerial photos, flow records and on-site in-
vestigation. One or two typical study sites are then 
selected to represent each stream segment. Numerous 
point measurements of depth, velocity, and substrate 
and/or cover are taken at high, medium, and low flow 
conditions (Figure 4). Field measurement procedures 
were described in detail by Bovee and Milhous (1978). 
Field data are entered into a hydraulic simulation pro-
gram which predicts the distribution of hydraulic parame-
ters for flows other than those measured (see following 
subsections). The output from the hydraulic simulation 
program is then entered into the HABTAT program, which 
rates the values of depth, velocity, and substrate/cover 
for their usability according to the life stage criteria of the 
species under investigation. 
The criteria are presented in the form of habitat 
suitability curves, the peak of which represents the pre-
ferred condition for a given hydraulic parameter (Bovee 
and Cochnauer 1977). Criteria are developed for spawn-
ing, adult, juvenile, fry, and egg-incubation lifestages by 
species. Passage or migration criteria may also be de-
veloped when warranted. The preference curves are 
based on the assumption that individuals of a species will 
select the most favorable conditions in a stream but will 
also use less-favorable conditions within a defined range, 
with the probability of use decreasing as conditions 
deteriorate. 
The Instream Flow Service Group (IFG) has de-
veloped preference criteria for many of the more common 
fish species, invertebrate organisms and some water re-
lated recreational activities such as canoeing and power 
boating. The IFG preference curves are developed from 
literature research and a limited field data base; therefore, 
the IFG recommends user development of habitat 
suitability curves. For this study, the IFG suitability curves 
for channel catfish (lctalurus punctatus) were deemed 
insufficient and modified for the Nebraska sand-bed 
environment (Appendix A). 
The output from the HABTAT program is in terms of 
weighted usable area (WUA) per average 1000 feet (305 
m) of stream length. Weighted usable area is potential 
usable habitat and is assumed to represent the physical 
carrying capacity of the stream segment. This acts as a 
common denominator for all streams and can be used to 
assess the impact of alternative flows upon a stream and 
to compare the usable habitat of different streams at 
equal or different flows. This feature becomes invaluable 
when one is faced with deciding which of several streams 
could best withstand perturbation. For most studies, the 
WUA is assumed to have a positive relationship with 
biomass but, given sufficient species and habitat informa-
tion, the actual relationship could be determined. 
The IFG incremental method has several inherent 
limitations. 
A) The WUA can be related to biomass provided that the 
biomass is related to physical parameters. In some 
streams, fish production may be limited by factors 
other than the physical parameters of depth, velocity, 
and substrate/cover. In these cases, the limiting factor 
will have to be identified and the impact of this factor 
assessed before the relationship between WUA and 
biomass is determined. 
B) The WUA/discharge relationship can be predicted 
only as long as the channel remains unChanged. Any 
major channel modification requires new field mea-
surements to simulate new hydraulic conditions. Thus, 
any recommendation will have to be updated as the 
channel responds to changes in sediment yield, mean 
annual flood, or changes due to catastrophic events. 
C) A selected segment of river is modeled by a repre-
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sentative study site. In most cases, a single study site 
will be adequate. However, the user may wish to sam-
ple two or more study sites to establish the experi-
mental error associated with extrapolation of limited 
sample data to the entire river segment. 
D) A simplifying assumption that fish will prefer a particu-
lar gradation of a hydraulic dimension (such as depth 
or velocity) is independent of the effect of any other 
dimension. Therefore, weighted useable area for each 
life stage of a fish species is determined by multiplying 
the preferences for each hydraulic dimension. This 
limitation is being studied, and computer software cur-
rently exists for addressing the dependent relationship 
among parameters (Voos, et al. 1981). 
The primary advantage of the Incremental method is 
that it quantifies the effect upon the fish habitat of a given 
incremental change in flow. It makes these predictions for 
each life history stage for several species of fish. Thus, it 
A. A study site is selected to represent a homogeneous 
stream reach. Starting at a hydraulic control, transects 
are placed across the stream at intervals determined 
by the channel configuration. 
(0) POINT MEASUREMENTS OF DEPTH, 
VELOCITY, AND SUBSTATE 
B. Point measurements of depth, velocity, and substrate 
are spaced along the transects. The measurements 
are taken initially wherever there is a change in the 
bottom profile of the stream channel. Subsequent 
measurements during changed flow conditions 
are taken at the same location as the original 
measurements. 
Figure 4. The Incremental Method. 
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is capable of calculating data for unmeasured flows and is 
useful in quantifying impacts and establishing flow re-
gimes for specified management objectives. 
IFG4 (Instream Flow Group 4) 
The IFG4 program is a hydraulic simulation model that 
uses least-squares regression of directly-determined data 
points to calculate hydraulic conditions at unmeasured 
flows. Using two or more sets of field measurements, the 
program can predict the distribution of physical parame-
ters for flows other than those measured. The output from 
this program is suitable for input into the Instream Flow 
Group's HABTAT program. 
Measurements of depth, velocity, and substrate/cover 
are taken following procedures documented by Bovee 
and Milhous (1978). For each specific point location 
(vertical) in the stream, two or more data pairs of velocity 
versus discharge measurements are established. A least-
squares regression of the data pairs for each vertical axis 
c. Each cross-section is divided into subsections, and the 
pOint measurements are used to determine average 
values of depth, velocity, and substrate for each sub-
section. The subsection values along the transects 
are assumed to extend halfway to the adjacent 
cross-sections. 
D. A matrix of rectangular cells is created with each cell 
having an average depth, velocity, and substrate. The 
original transect placement is critical and illustrates 
the need for knowledge of the computer procedures 
before attempting field work. 
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versus-discharge pairs. 
is used to predict the velocity for any flow of interest (Fig-
ure 5). Depth is determined by subtracting the bed eleva-
tion from the stage at each vertical. The stage for any flow 
of interest is determined from a log stage-log discharge 
rating curve based on the measured flows. The range of 
flows which can be modeled with the IFG4 program is 
IDEALIZED STREAM CELL SHOWING 
PHYSICAL PARAMETERS WHEN FLOW = 70 c.f.s. 
E. A hydraulic simulation program, either IFG4 or WSP, 
is used to predict the distribution of depth and velocity 
for flows other than just those measured. Thus, the 
depth, velocity, substrate and surface area for each 
cell within the study site matrix can be determined for 
any flow desired within the range of extrapolation. 
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F. The parameters of depth, velocity and substrate for 
each cell are then rated for their fisheries value by the 
computer program HABTAT. Predetermined suitability 
curves are used which are graphical illustrations of 
the preference fish show for a range of hydraulic con-
dition. Curves are developed for five life stages for 
each fish species under investigation. 
from 40% of the lowest measured flow to 250% of the 
highest flow measured. 
This program requires a relatively stable stream bed . 
Point depths and velocities usually increase with in-
creased discharge in stable bed streams, and least-
squares regression of individual point measurements will 
yield positive depth and velocity relationships. In the 
western states, most stream beds meet this requirement, 
but many Central Plains streams have beds composed of 
sand particles which allow the thalweg to meander. A 
shifting thalweg may cause negative velocity/discharge 
relationships for specific point locations in the stream and 
invalidate hydraulic predictions. One possible alternative 
may be found in the Water Surface Profile (WSP) pro-
gram discussed in the following subsection. 
Water Surface Profile (WSP) 
The Water Surface Profile (WSP) is a hydraulic simu-
lation program that can also be used in conjunction with 
G. A composite preference is determined by multiplying 
the parameter preferences together. This composite 
preference is then multiplied by the surface area of 
the cell to arrive at the cell's weighted usable area for 
the particular flow. 
31t 
PARAMETER DEPTH VELOCITY SUBSTRATE 
VALUE 3 0.5 4(sond) 
PREFERENCE 70~. X 86~. X 70~.: 42~. 
COMPOSITE SURFACE WElGHHD 
PREFERENCE AREA =42n2 USABLE 
42 % X 100 FT2 AREA 
TOTAL WEIGHTED USABLE AREA PER 1000 FT 
OF STREAM AT 70 c.l.s. = 2250 ft' ~~~~ 
~ ... :/! 
...... . 
... ,'. 
H. This process is repeated for each cell in the study site 
and the sum of all the cells is expressed as the total 
WUA for an average 1,OOO-ft section of stream. Using 
this method, it is possible to compare the total WUA 
for each life stage and species at any level of flow 
desired. Thus, the effects of various stream flows on 
the fish community can be assessed based on data 
from each individual stream. 
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the HABTAT program. Although its output, the prediction 
of hydraulic parameters, is similar to that of the IFG4 pro-
gram, it requires only one set of field measurements. 
The computational procedures are quite different from 
those of the IFG4 program, as are the assumptions and 
limitations. 
The WSP method is an adaptation of the Bureau of 
Reclamation PSEUDO program, which determines back-
water elevations upstream from a control. The computa-
tional procedures are based upon the energy losses be-
tween two stream cross-sections using assumed values 
for Manning's "n", a friction descriptor. The program re-
quires that steady flow conditions exist during the period 
16 
of measure and boundary conditions remain rigid during 
measurement. For a general discussion of this program, 
see Bovee and Milhous (1978). 
The WSP program will predict the distribution of depth 
and velocity for a range of flows using measurements 
from one field observation. The range of extrapolation ex-
tends from 40% of the single measured flow to 250% of 
the measured flow. For instance, if a stream is measured 
at a flow of 60 cfs (1.7 cms), the program could be used to 
predict the distribution of hydraulic parameters at flows 
ranging from 24 to 150 cfs (0.7-4.2 cms). Increasing 
amounts of error beyond this range preclude further ex-
trapolation in most situations. 
RESULTS AND RECOMMENDATIONS 
Nine Mile Creek 
Nine Mile Creek is a small coldwater tributary to the 
North Platte River in Scotts Bluff County, Nebraska. This 
stream represents the rocky pool/riffle habitat for which 
most of the instream flow methods in this study were de-
signed. It is a valuable fishery resource, serving as a 
spawning and nursery stream for migratory McConaughy 
rainbow trout (Sa/rno gairdneri), as well as supporting a 
small resident brown trout (Sa/rno trutta) population. 
The stream originates from groundwater seepage and 
increases in size and discharge with continued ground-
water inflow. It flows approximately 18 miles (29 km) be-
fore it enters the North Platte River southeast of Minatare, 
Nebraska, with a mean annual discharge at the mouth of 
129 cfs (3.6 cms). 
The flow regime of Nine Mile Creek is influenced sea-
sonally by three irrigation canals which cross the upper 
and middle reaches of the stream. Between May and 
September, the stream's flow increases as a result of 
seepage from the water-transport canals and runoff from 
agricultural fields. The canals are dry through the winter 
months, and stream discharge is reduced until the canals 
are filled in the spring. 
To prevent excess seepage, water containing high 
concentrations of suspended solids is flushed through the 
canals. This "silt run", as it is called, temporarily seals the 
canals by clogging any leaks with suspended solids. 
Some of this turbid water reaches Nine Mile, Creek 
through irrigation return flows and results in flood condi-
tions and high turbidity levels. This increased flow has a 
deleterious effect on young-of-the-year trout; however, 
the effects may be somewhat offset by the scouring of 
gravel essential to trout spawning activities (Peters 1978). 
Each year, two distinct rainbow trout spawning runs 
migrate from Lake McConaughy, a reservoir on the North 
Platte River, 60-100 miles (97-161 km) up to the North 
Platte River to small tributary streams. The largest run 
begins in September and continues into late November 
(Figure 6). Spawning peaks soon afterward, with eggs 
incubating through December and January. The second 
run begins in March or April and involves smaller numbers 
'--CI1''E---- ~0~ MARl APRI MAY I JUN I JUL r AUGl SEPT OCT1Novl DEC ~~L-
SPAWNING 
IN<U5ATlON f--
-
fRY 
JUVENILE 
A DUl T I--
MIGRA TlON 
Figure 6. Rainbow trout periodicity, Nine Mile Creek, Fall 
spawning run. 
of adult fish (Van Velson 1978, Figure 7). 
Depending on stream temperatures, it takes approxi-
mately 2 months for the trout eggs to hatch and the fry to 
become free swimming. Within a year, having reached a 
length of 7-10 inches (178-254 mm), the young rainbows 
or "smolts" begin to migrate downstream during March, 
April, and May, eventually reaching Lake McConaughy 
via the North Platte River. By the end of 2 years in the 
reservoir, the rainbows are sexually mature and return to 
the tributary streams to spawn. 
Nine Mile Creek produces 42% of the rainbow trol,lt 
caught by North Platte Valley stream fishermen (Van Vel-
son 1978). Although rainbow trout production in Nine Mile 
Creek is adversely affected by heavy livestock grazing, 
channelization, cattle feedlot runoff, and irrigation re-
leases, implementation of an instream flow recommenda-
tion will aid in preserving the trout fishery for the future .. 
The channel diversity of Nine Mile Creek required 
three study sites to adequately represent the stream. An 
upper study site was located approximately 7 miles (11 
km) from the source, a middle site about 9 miles (14.5 km) 
from the source, and a lower study site 16 miles (41.2 km) 
from the source or approximately 2 miles (3 km) from the 
confluence of Nine Mile Creek with the North Platte River. 
The upper study site was located above the Tri-State 
Canal within the state Wildlife Management Area. This 
section of stream was heavily vegetated and provided 
good stream-bank cover (Figure 8). The average stream 
width in this area was 15.4 feet (4.7 m); the study site 
encompassed a stream length of 84 feet (25.6 m). Six 
transects were used to model the study area; mea-
surements were taken at 7.0 cfs (0.20 cms), 9.0 cfs (0.25 
cms), and 21.0 cfs (0.59 cms). 
The middle study site was downstream from the Tri-
State Canal in a surprisingly good trout-producing area 
(P~ters 1978). The stream was degraded in this area with 
obvious signs of bank sloughing (Figure 9). Car bodies 
had been used by a private landowner in an attempt to 
control bank erosion, and while the car bodies may not 
have been controlling erosion, they were providing suit-
able habitat for young trout fry. The study site chosen was 
31 feet (9.5 m) wide and encompassed 135 feet (41 m) of 
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Figure 7. Rainbnw trout periodicity, Nine Mile Creek, 
Spring spawning run. 
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Figure 8. Upper Nine Mile Creek. 
High Flow, Discharge = 21 cfs. 
Figure 9. Middle Nine Mile Creek. 
Medium Flow, Discharge = 23 cfs. 
Figure 10. Lower Nine Mile Creek. 
High Flow, Discharge = 268 cfs. 
stream. Seven transects were used to model the study 
area with measurements taken at 18 cfs (0.50 cms), 
23 cfs (0.64 cms), and 168 cfs (4.70 cms). 
The lower study site had a low gradient and had been 
extensively channelized in the past. Bank sloughing was 
extensive (Figure 10), and this section contributed little to 
rainbow trout production. The average stream width in 
this section was 66 feet (20.1 m), and the study site 
encompassed 319 feet (97.2 m) of stream. Only five 
transects were needed to model this area because of the 
uniform rectangular channel profile resulting from the 
channelization. Measurements of the site were taken at 
flows equaling 58 cfs (1.6 cms), 73 cfs (2.0 cms), and 268 
cfs (7.5 cms). Low and medium flow conditions were 
adequately represented, while the high flows measured at 
all three sites represented unusually high flow conditions, 
present normally only during the "silt run". 
Application of Tennant's and the Modified Tennant 
methods followed described procedures, while the Single 
Cross Section method required establishment of biologi-
cal criterfafor +:ainbOw trout migration and spawning. 
Swank and',Phillips(1976) recommended depths over 0.5 
feet (0.15 rrr) for' spawning rainbow trout. A minimum 
depth for passage was reported as 0.6 feet (0.18 m) by 
Thompson (1972) for trout over 20 inches (0.5 m) in 
length. Passage criteria for Nine Mile Creek rainbow trout 
were set at 25% of the stream's surface width greater 
than or equal to 0.6 feet (0.18 m) during September 
through November and March through April. Spawning 
and rearing criteria were 25% of the stream's surface 
width greater than or equal to 0.5 feet (0.15 m) during 
December through February and May through August. 
Single cross-section results for the three study sites 
are shown in Table 3. Depth criteria for the upper study 
site could not be satisfied during an average water year. 
This could be the result of the margin of error inherent in 
the program, inadequacy of the biological criteria, or 
simply an indication that flows are normally insufficient 
for passage of large trout in the upper area. The instream 
flow recommendation determined using the Single Cross-
Section method was set at the minimum discharge satis-
fying the biological criteria at the middle study site. This 
quantity was then referenced to a corresponding flow 
measured at the U.S.G.S. gaging station near McGrew, 
Nebraska. 
IFG4/HABTAT and WSP/HABTAT computer models 
were used in analyzing the Nine Mile Creek stream data. 
Table 3. Minimum stream discharge (cfs) satisfying depth 
criteria for rainbow trout in Nine Mile Creek. 
Spawning (cIs) Passage (cIs) 
25% 01 width 25% 01 width 
Study Site Stream Width (ft) > 0.5 ft > 0.6 ft. 
Upper 25.4 9.9 12.7 
Middle 31.0 16.3 19.1 
Lower 66.5 32.4 36.6 
Plots of the IFG4/HABTAT output (Figure 11) and 
WSP/HABTAT output (Figure 12) for rainbow trout 
showed some basic differences. The IFG4/HABTAT out-
put indicated high discharges had a harmful effect on 
all life stages of rainbow trout in Nine Mile Creek. 
WSP/HABTAT output indicated similar harmful but less 
severe effects for high flows. The optimum WUA for 
spawning, adult, and juvenile life stages peaked at lower 
flows using WSP/HABTAT output. This resulted in 10Vl(er 
recommendations using the WSP/HABTAT model than 
those obtained with the IFG4/HABTAT model. Recom-
mendations from HABTAT Idischarge plots, for both of the 
hydraulic simUlation models used, were developed by 
listing the WUA of each study site for a range of flows 
for the life stages and species under investigation. A 
monthly flow regime was then calculated incorporating 
the relative habitat quality of each study site and the ap-
propriate life stages. The flow that optimized the com-
bined habitat of the three study areas within the con-
straints of the 10-year median daily flow regime was then 
determined. 
Table 4. Comparison of instream flow recommendations 
(in cfs) derived from selected methods for Nine 
Mile Creek. 
Single 
Median Modified cross-
Months Daily Tennant Tennant section WSP/HAB IFG4/HAB 
October 150 26 30 39 50 100 
November 120 26 30 39 50 100 
December 98 26 30 33 80 98-all 
January 87 26 30 33 80 87-all 
February 78 26 30 33 30 78-all 
March 76 26 30 39 76-all 76-all 
April 74 52 30 39 74-all 74-all 
May 100 52 30 33 80 100-all 
June 140 52 30 33 80 100 
July 160 52 30 33 50 80 
August 210 52 30 33 50 80 
September 220 52 30 39 50 100 
Ave. Annual 126 39 30 36 58 87 
The Nine Mile Creek recommendations derived from 
the various methods are referenced to the U.S.G.S. gag-
ing station near McGrew, Nebraska (Table 4). These rec-
ommendations were developed within the constraints of 
the available flow. Nine Mile Creek is essentially an un-
controlled stream, and obtaining additional water, espe-
cially during non-irrigation months, would be unlikely. 
Summer flow recommendations might be accommodated 
by diverting excess water into adjacent canals; however, 
the feasibility has not been examined. If the low winter 
flows could be supplemented, both the IFG4/HABTAT 
and WSP/HABTAT programs could easily be used to 
calculate a flow regime designed to optimize the habitat 
within the wider range of flows. The effects of the recom-
mendations on substrate composition, benthic organisms, 
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Potential habitat (WUA) vs. discharge for rain-
bow trout, Nine Mile Creek near Minatare, Ne-
braska. Data plotted from IFG4/HABTAT com-
puter program. 
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and water quality were not addressed but should be iden-
tified for any final recommendation. 
Republican River 
The Republican River between the Superior-
Courtland diversion dam and the Nebraska/Kansas 
stateline was chosen for this study primarily because it 
supports a good fishery which has been influenced by 
depleted stream flows in recent years. The Republican 
River originates in extreme southwest Dundy County, 
Nebraska, at the confluence of the Arikaree River and the 
North Fork of the Republican. From there, the river flows 
east along the southern boundary of Nebraska for 260 
miles (418 km) before it enters Kansas near Superior, 
Nebraska. It then flows through Kansas for another 160 
miles (257 km) before joining the Smoky Hill River to form 
the Kansas River. Three major structures exist on the 
river: the Trenton and Harlan County dams in Nebraska 
and the Milford Dam in Kansas. 
The Superior-Courtland diversion is located 59 miles 
(95 km) downstream from the Harlan County Dam near 
Guide Rock, Nebraska. A Bureau of Reclamation 
(BuRec) structure, the diversion was built to divert water 
for irrigation from the Republican River. This structure 
consists of a 500 foot (152 m) cement dam extending 
completely across the main channel. Sluiceways and 
headgates at both ends divert water north into the Court-
land Canal and south into the Superior Canal. 
The section of river from the Superior-Courtland di-
version structure downstream to the Nebraska/Kansas 
stateline has historically supported a productive fishery. A 
1951 creel census by the U.S. Fish and Wildlife service 
showed that channel catfish were the mainstay of the 
fishery before the Harlan Dam was in operation (U.S. Fish 
and Wildlife Service 1966). An average of 152 fish or 300 
pounds per mile (219 kg/km) were harvested during 1951; 
86% by weight were channel catfish. When operation of 
the reservoir began in 1952, turbidity in the river de-
creased and gamefish that required clearer water (such 
as walleye and white bass) became established. Fishing 
success became inconsistent, depending upon the water 
level of the river. During the spring, when flows are usu-
ally high, upstream-migrating white bass and walleye are 
stopped by the Superior-Courtland diversion and congre-
gate in the pool below. Fishing during this high-water 
period is excellent, but fishing success declines rapidly in 
the summer after the BuRec diverts river flows. After 
withdrawals begin, the river is severely dewatered and 
fish habitat is degraded. 
During May, 1964, a major fish kill occurred in the 
stretch of river below the diversion. More than 10,000 
dead fish (not including minnows and fingerling gamefish) 
were found in the first one-half mile below the diversion 
(U.S. Fish and Wildlife Service 1966). An isolated pool at 
the base of the dam held many fish which were in obvious 
distress because of high temperatures and low oxygen 
levels. When sampled, the pool contained numerous 
minnows. and fingerling gamefish plus (listed in order of 
decreasing abundance) adult gizzard shad, carp, fresh-
water drum, white bass, flathead catfish, green sunfish, 
channel catfish, quillback, walleye, buffalo, and bullheads. 
Long stretches of dry river interspersed with isolated 
pools containing trapped fish extended downstream for 
20 miles (32 km). Efforts by Nebraska Game and Parks 
Commission personnel to salvage these fish yielded over 
1500 8.0-inch (203 mm) channel catfish and many large 
flathead catfish; other species perished. 
In the months following the 1964 fish kill, detailed 
studies by the U.S. Fish and Wildlife Service, U.S.G.S., 
and Nebraska Game and Parks Commission personnel 
were conducted to determine the amount of water needed 
to prevent future fish kills of this magnitude. Donald Ten-
nant was a member of the task force and used these data 
in the formulation of the Tennant method. With the coop-
eration of the BuRec, various experimental flows from 20 
to 50 cfs (0 to 61.4 cms) were released over the diversion. 
Measurement of riffle areas and crossing bars showed 
that a minimum instantaneous flow of 50 cfs (1.4 cms) .... 
"would go far towards restoration and perpetuation of the 
river's fish population and historically good fishing" (U.S. 
Fish and Wildlife Service 1966). A study of channel catfish 
movement and age and growth was initiated at stations 
above and below the Superior-Courtland Diversion dam 
(Messman 1973). Results indicated the diversion dam 
acted as a barrier to upstream migrating channel catfish 
from Milford Reservoir in Kansas. 
Since that time, low-flow conditions during the sum-
mer months have continued with resultant fish kills occur-
ring periodically. During the summer of 1978, the 
U.S.G.S. registered a daily flow of less than 10 cfs (0.3 
cms) for a total of 25 days at their gaging station below the 
Superior-Courtlant diversion. During June 1978, an ex-
tensive fish kill resulted from a 7-day period with an aver-
age daily flow less than 2.0 cfs (0.06 cms). The low flows 
caused almost complete mortality in nearly 20 miles (32 
km) of river. The total number of fish killed was less than 
in the 1964 fish kill because fewer fish inhabited that 
stretch of river immediately prior to the low flows. 
Two study sites were used to represent the 25-mile 
(40 km) segment between the Superior-Courtland diver-
sion and the Nebraska-Kansas state line. The upper study 
site was located approximately 3 miles (4.8 km) down-
stream from the diversion and encompassed 479 feet 
(146 m) of river (Figure 13). Five transects were used 
to model the site, and complete measurements were 
taken at 27 cfs (0.8 cms), 89 cfs (2.5 cms), and 115 cfs 
(3.2 cms). The site was located on a bend of the river 
where the average width was 112 feet (34 m). The lower 
study site was located about 2 miles (3 km) upstream 
from the Nebraska-Kansas stateline, where the river was 
approximately 175 feet (53 m) wide. Seven transects 
were used to model the study site, which encompassed 
628 feet (191 m) of river. Measurements at this site were 
taken at 88 cfs (2.5 cms), 114 cfs (3.2 cms), and 202 cfs 
(5.7 cms). The study site was on a relatively straight sec-
tion of river and included three mid-river sandbars, which 
21 
Figure 13. Republican River at Guide Rock, Nebraska. 
Medium Flow, Discharge = 89 cfs 
Figure 14. Republican River at Superior, Nebraska. 
Medium Flow, Discharge = 114 cfs 
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became colonized by willows (Salix spp.) as the summer 
progressed (Figure 14). 
The recommendations derived from the various 
methods (Table 5) refer to an instantaneous flow moni-
tored at the U.S.G.S. gaging station 0.2 miles (0.3 km) 
below the Superior-Courtland diversion. Tennant's 
"good" recommendation (20%-40% of the mean annual 
flow) would require an increase over current summer flow 
conditions. The Single Cross-Section and the modifica-
tion of Tennant's method both resulted in recommen-
dations of 30-35 cfs (0.84-0.98 cms). This quantity could 
be obtained without increasing the average monthly fig-
ures if operating procedures were modified to stabilize 
summer flow conditions by moderating the extremes. 
Table 5. Comparison of instream flow recommendations 
(in cfs) derived from selected methods for the 
Republican River near Guide Rock, Nebraska. 
Single 
Median Modified Cross-
Months Dally Tennant Tennant section WSP/HAB IFG4/HAB 
October 95 39 33 32 95 N/A 
November 110 39 33 32 110 
December 110 39 33 32 110 
January 110 39 33 32 110 
February 150 39 33 32 150 
March 150 39 33 32 150 
April 180 78 33 32 180 
May 150 78 33 32 150 
June 110 78 33 32 110 
July 57 78 33 32 57 
August 67 78 33 32 67 
September 89 78 33 32 89 
Ave. Annual 115 58 33 32 115 
The IFG4 computer program could not be used be-
cause of channel instability, but the WSP/HABTAT pro-
gram proved useful on both the upper and lower study 
sites. It resulted in a positive nearly-linear relationship 
between adult .and juvenile channel catfish WUA and dis-
charge. Fry WUA peaked at 60 cfs (1 .68 cms) at the upper 
study site and 175 cfs (4.9 cms) for the lower study site 
(Figures 15 and 16). Spawning habitat appears minimal at 
both study sites, but this may be because the WSP hy-
draulic simulation model cannot adequately model the 
natural cavities which channel catfish utilize for spawning. 
The data acquired with the WSP/HABTAT programs 
would be useful for determining the effects of changes in 
flow; however, it provides little assistance without 
additional information. Population estimates, migration 
and spawning periodicity of major gamefish species, and 
a clear management objective for the fishery, are needed 
to determine a recommendation that would optimize use 
of the available water. Without such data, the recommen-
dation is the median daily flow for each month. This would 
prevent further degradation of the fishery until more ex-
tensive study is completed. 
Figure 15. 
Potential habitat (WUA) vs. discharge for 
channel catfish, Republican River, upper 
study site, near Guide Rock, Nebraska. Data 
plotted from WSP/HABTAT computer pro-
gram. 
Figure 16. 
Potential habitat (WUA) vs. discharge for 
channel catfish, Republican River, lower study 
site, near Superior, Nebraska. Data plotted 
from WSP/HABTAT computer program. 
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Elkhorn River 
The Elkhorn River is one of the major river systems 
draining northeastern Nebraska. It originates in the open 
rangeland of eastern Rock County and flows in a south-
easterly direction for approximately 70 miles (113 km) 
before it is joine,d by the South Fork of the Elkhorn. As the 
river flows eastward, the land use in the watershed 
changes as irrigation systems allow more intensive culti-
vation. Hay meadows predominate in the lowland areas, 
and narrow belts of deciduous trees line the river. The 
river continues southeasterly beyond Norfolk for another 
100 miles (161 km) before it empties into the Platte River. 
The section of river addressed in this study begins at the 
confluence with the South Fork near Ewing, Nebraska, 
and extends 55 miles (88.5 km) downstream to Norfolk, 
Nebraska. This reach of stream is characterized by 
braided sand channels interspersed with numerous 
sandbars. This reach does not support a very productive 
fishery, but it is noted for the diversity of fish species 
present. The study site was a 508-foot (154.8-m) straight 
section of river near Clearwater, Nebraska. Averaging 
124 feet (37.8 m) in width, the river channel showed 
signs of instability (bank sloughing and changing bed con-
figuration) (Figure 17). The substrate consisted of fine 
sand mixed with silt wherever current velocity decreased. 
According to local fishermen, channel catfish are oc-
casionally taken in this stretch of river. Documented fish-
eries data are limited to a 1973 statewide stream inventory 
report (Bliss and Schainost 1973) which lists the fish 
species collected in various streams using a 0.25-inch 
(6.4-mm) bar bag seine and limited electrofishing (Table 
6). Although sample size and sampling effort were not 
standardized between stream stations, the high diversity 
of the Elkhorn river is evidenced by the 26 species col-
lected. During 1973, specimens of the bluntnose minnow 
(Pimephales notatus) were collected from the Elkhorn 
River; the species was believed to be extinct in the state. 
This section of river does not contain numerous gamefish; 
nonetheless, it is an important fishery resource of the state. 
The recommendations derived from the selected 
methods are for installtaneous floiNs monitored at the 
U.S.G.S. gaging station ,at.Neligh, Nebraska (Table 7). 
Using Tennant's original m,ethod results in flows which 
would not be available during the late summer months, 
Table 6. Fish species collected from selected rivers during 1973 statewide stream inventory (Bliss and Schainost 1973). 
Common Name Scientific Name Republican Elkhorn Cedar Loup 9-Mile Snake 
Carp Cyprinus carpio X· X X X X 
Channel Catfish Ictalurus punctatus X X X X 
Flathead Catfish Pylodictis ollvaris X 
Black Bullhead Ictalurus melas X X X 
Stonecat Noturus flavus X 
Yellow Bullhead Ictalurus natalis X 
Northern Pike Esox lucius X X X 
Grass Pickerel Esox americanus vermiculatus X 
Green Sunfish Lepomis cyanel/us X X X X 
Largemouth Bass Micropterus salmoides X X X 
Bluegill Lepomis macrochirus X X 
Black Crappie Pomoxis nigromaculatus X 
White Crappie Pomoxis annularis X 
Bigmouth Buffalo Ictiobus cyprinel/us X 
River Carpsucker Carpiodes carpio X X X X 
Quillback Carpiodes cyprinus X X X X 
Creek Chub Semotilus atromaculatus X X 
Flathead Chub Hybopsis gracilis X X X 
Stoneroller Campostoma anomalum X 
Goldeye Hiodon alosoides X 
Shorthead Redhorse Moxostoma macrolepidotum X X X 
Walleye Stizostedion vitreum vitreum X 
White Sucker Catostomus commersoni X X X X X 
Longnose Dace Rhinichthys cataractae X X 
Brown Trout Salmo trutta X X 
Rainbow Trout Salmo gairdneri X X 
Sand Shiner Notropis stramineus X X X X 
Red Shiner Notropis lutrensis X X X X 
Bigmouth Shiner Notropis dorsalis. X X 
Emerald Shiner Notropis atherinoides X X 
Plains Topminnow Fundulus sciadicus X X X 
Brassy Minnow Hybognathus hankinsoni X X 
Bluntnose Minnow Pimepha/es notatus X 
Silvery Minnow Hybognathus nuchalis X 
Flathead Minnow Pimephales promelas X X X X 
TOTAL 16 26 14 18 5 5 
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Figure 17. 
Elkhorn River at Clearwater, Nebraska. 
Medium Flow, Discharge = 60 cfs. 
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Figure 18. 
Potential habitat (WUA) vs. discharge for 
channel catfish, Elkhorn River, near Clear-
water, Nebraska. Data plotted from WSP/ 
HABTAT computer program. 
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Table 7. Comparison of instream flow recommendations 
(in cfs) derived from selected methods, Elkhorn 
River near Ewing, Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant section WSP/HAB IFG4/HAB 
October 120 46 44 42 120 N/A 
November 150 46 44 42 150 
December 140 46 44 42 140 
January 130 46 44 42 130 
February 180 46 44 42 180 
March 300 46 44 42 300 
April 370 92 44 42 370 
May 240 92 44 42 240 
June 200 92 44 42 200 
July 120 92 44 42 120 
August 76 92 44 42 76 
September 88 92 44 42 88 
Ave. Annual 176 69 44 42 176 
while the Modified Tennant method would result in a more 
realistic recommendation. Output from the WSP/HABTAT 
programs show a positive nearly-linear relationship be-
tween WUA and discharge for all lifestages of channel 
catfish (Figure 18). Without additional information on the 
fish species present in the river and management objec" 
tives for the fishery, the recommendation is the median 
daily flow for each month. The IFG4 computer program 
could not be used because of channel instability. 
North Loup River 
The North Loup River was chosen for this study be-
cause it is a typical, large sand-bed river. The reach under 
investigation extended from the confluence of the 
Calamus River near Burwell, Nebraska, downstream to 
the confluence of the North Loup with the main Loup River 
near St. Paul. This 60-mile (97-km) reach of river was 
represented by two study sites. The upper study site was 
located near Elyria, Nebraska, and encompassed 650 
linear feet (198 m) of river. The river in this area was 450 
feet (137 m) wide and was described using six transects. 
Upper study site measurements were taken at flows 
of 445 cfs (12.5 cms), 755 cfs (21.1 cms), and 1,165 cfs 
(32.6 cms). 
The lower study site was located near Elba, Nebraska, 
where the river was about 500 feet (152 m) wide. The 
lower site encompassed 1,089 linear feet (332 m) of 
stream; seven transects were used to describe the site 
(Figure 19). This site was on a relatively-straight section 
of river. 
Fish distribution information was limited to a 1973 
statewide stream inventory survey (Table 6) and inter-
views with adjacent landowners. Area fishermen reported 
26 
good catches of channel catfish from the deeper pools 
and carp from adjacent sloughs. Although the life history 
of channel catfish in the North Loup River was not clearly 
understood, they were selected as the target species be-
cause of their importance to the fishery. 
Recommendations for the North Leup River were ref-
erenced to the U.S.G.S. gaging station near St. Paul, 
Nebraska. The Modified Tennant, Single Cross-Section 
and an average of the Tennant recommendation are all 
approximately 275 cfs (7.7 cms), which is below the me-
dian daily flow for all months of the year (Table 8). One 
transect on the North Loup River near Elba, Nebraska, 
was measured at various flows to determine if the chang-
ing bottom profiles caused by sand movement affected 
the results of the IFG1A program. Recommendations 
based upon the low flow conditions differed from recom-
mendations based upon high flow conditions by more 
than 30%. The WSP/HABTAT program predicted peak fry 
WUA at 750 cfs (21 cms); juvenile WUA steadily in-
creased throughout the range of extrapolation available 
with the model (Figure 20). :rhe recommendation derived 
from WSP/HABTAT data is the 10-year median daily flow 
for each month. since the WUA for the appropriate life 
stages steadily increased during that range of flow. 
Additional fish distribution and life history data is needed 
to make full use of the WSP/HABTAT program's capabil-
ity. The IFG4 computer program could not be used be-
cause of channel instability. 
Table 8. Comparison of instream flow recommendations 
(in cfs) derived from selected methods, North 
Loup River near St. Paul, Nebraska. 
Single 
Median Mod ified Cross-
Month Daily Tennant Tennant section WSP/HAB IFG4/HAB 
October 870 176 269 286 870 N/A 
November 930 176 269 286 930 
December 870 176 269 286 870 
January 890 176 269 286 890 
February 1200 176 269 286 1200 
March 1100 176 269 286 1100 
April 1000 352 269 286 1000 
May 880 352 269 286 880 
June 770 352 269 286 770 
July 420 352 269 286 420 
August 340 352 269 286 370 
September 730 352 269 286 730 
Ave. Annual 836 264 269 286 836 
Cedar River 
The Upper Cedar River is a small, meandering sand-
bed stream originating in the eastern sandhi lis of Ne-
braska. The majority of the watershed is covered by na-
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CHANNEL CATFISH SAND STREAMS 
Figure 19. 
North Loup River at Elba, Nebraska. 
Medium Flow, Discharge = 790 cfs 
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Figure 20. 
Potential habitat (WUA) vs. discharge for 
channel catfish, North Loup River near Elba, 
Nebraska. Data plotted from WSP/HABTAT 
computer program. 
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tive grasses and forbs with limited acreages of alfalfa and 
corn irrigated by center-pivot systems. Many of the valley 
flats are used for hay meadows; the high water table 
provides natural subirrigation. Cattle and horses graze 
the higher rangeland. 
The river meanders in a southeasterly direction 
among isolated sloughs adjacent to the river (Figure 21.) 
These backwater areas support abundant and varied 
types of waterfowl, shorebirds, and other non-game 
species. Heavy growths of emergent vegetation cover the 
riparian zone, and several species of ferns may be found 
in the undergrowth. Beaver and muskrat activity is notice-
able throughout the entire river reach, and deer trails wind 
along the river banks. 
Northern pike and largemouth bass appear to be the 
primary game fish species inhabiting the stream. Carp 
are prevalent, but current population estimates are lack-
ing for all species. The stream was surveyed in 1960 
(Morris and Meyer 1960) to determine the composition 
and distribution of the fish species in the river. Only one 
adult channel catfish was collected in the reach above 
Lake 't:ricson, and no juveniles or young-of-year were 
caught. Although channel catfish were collected during 
this and subsequent surveys, they remained an infrequent 
catch; although repeated attempts were made to establish 
a productive catfish population. 
Lake Ericson and the Upper Cedar River were par-
28 
tially renovated . in 1967 by Nebraska Game and Parks 
Commission biologists to improve the lake fishery (Mob-
erly 1967). Although a complete renovation was not feasi-
ble because of the many backwater areas, they felt a 
partial renovation would decrease numbers of rough fish 
and allow for establishment of more desirable game fish 
populations. Following renovation, a variety of game fish 
species was stocked in Lake Ericson and the Upper 
Cedar River. These species and others which might be 
found in the Upper Cedar River are listed in Table 9. The 
amount of sampling effort varied from survey to survey; 
therefore, some disparity in total species collected should 
be expected. No recent information is available on the 
abundance and composition of fish species in the Upper 
Cedar River. 
Although northern pike were the target management 
species, reliable depth and velocity criteria were not 
available. Channel catfish criteria were used for the 
IFG1 A Single Cross-Section and WSP/HABTAT pro-
grams. Development of species-specific criteria are 
needed, but this is beyond the scope of this project. The 
requirements of channel catfish should be similar to those 
of northern pike, with the notable exception of spawning; 
northern pike need early spring flood flows to inundate 
riparian vegetation for suitable spawning substrate. 
The U.S.G.S. does not maintain a gaging station on 
the Cedar River above Lake Ericson. Streamflow infor-
Figure 21. 
Cedar River near Ericson, Nebraska. 
High Flow, Discharge = 88 cfs 
mation on ungaged reaches can be provided by measuring 
channel geometry or through correlation with adjacent 
reaches or streams. For this study, the flow records for 
the Cedar River at Spalding, Nebraska, 21 miles (33.8 
km) below Lake Ericson, were used. They reflect dam 
releases at Lake Ericson, however, and not the natural 
hydrograph of the upper reach. Recommendations de-
rived from the Tennant and Modified Tennant Method 
could change if flow information for the reach above Lake 
Ericson would be developed (Table 10). The Single 
Cross-Section recommendation would decrease the 
wetted perimeter considerably and allow critical bank 
cover areas to be dewatered. The IFG4/HABTAT method 
could not be used because of stream bed movement, and 
the WSP/HABTAT programs predicted a positive linear 
relationship between channel catfish WUA and discharge 
(Figure 22). The recommendations derived from the 
selected methods obviously need refinement if the Cedar 
River fishery is to be protected. 
Snake River 
The Snake River is located in north central Nebraska 
approximately 20 miles (32 km) southwest of Valentine, 
Nebraska. The reach below Merritt Reservoir probably 
represents the finest brown trout fishing available in Ne-
braska. Brown trout over 4 pounds (1.8 kg) are regularly 
taken, and this reach produced the state-record brown 
Table 10. Comparison of instream flow recommendations 
(in cfs) derived using selected methods, Cedar 
River near Ericson, Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant section WSP/HAB IFG4/HAB 
October 140 30 46 21 140 N/A 
November 150 30 46 21 150 
December 140 30 46 21 140 
January 160 30 46 21 160 
February 160 30 46 21 160 
March 170 30 46 21 170 
April 160 60 46 21 160 
May 150 60 46 21 150 
June 140 60 46 21 140 
July 130 60 46 21 130 
August 120 60 46 21 120 
September 130 60 46 21 130 
Ave. Annual 149 45 46 21 149 
trout of 20.1 pounds (9.1 kg). ThiS stretch of river is known 
for its productive fishery, and it also contains the state's 
largest waterfall. The Snake River below Merritt Reservoir 
was included in this study so that the information gathered 
could be used to protect this important resource. 
Merritt Reservoir is located on the Snake River about 
15 miles (24 km) upstream from where the Snake River 
Table 9. Fish species collected from the Upper Cedar River. 
Channel Catfish Ictalurus punctatus 
Stonecat Noturus f1avus 
Black Bullhead Ictalurus melas 
Northern Pike Esox lucil.!s 
Largemouth Bass Micropterus salmoides 
Small mouth Bass Micropterus dolomieui 
Rock Bass Amblop/ites rupestris 
Bluegill Lepomis macrohirus 
Green Sunfish Lepomis cyanel/us 
Black Crappie Pomoxis nigromaculatus 
Carp Cyprinus carpiO 
River Carpsucker Carpiodes carpio 
Quillback Carpio des cyprinus 
Redhorse Sucker Moxostoma macrolepidotum 
White Sucker Catostomus commersoni 
Flathead Chub Hybopsis gracilis 
Walleye Stizostedion canadense 
Yellow Perch Perea flavescens 
Fathead Minnow Pimephales promelas 
Plains Topminnow Fundulus sciadicus 
Silvery Minnow Hybognathus nuchalis 
Golden Shiner Notemigonus crysoleucas 
Common Shiner Notropis cornutus 
Bigmouth Shiner Notropis dorsalis 
Red Shiner Notropis lutrensis 
Sand Shiner Notropis stramineus 
Iowa Darter Etheostoma exile 
Pre-1960 1960 
Stocking Survey 
X X 
X 
X 
X X 
X X 
X X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1967 
Renovation 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
1967-68 
Stocking 
X 
X 
X 
X 
X 
1973 
Survey 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
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enters the Niobrara River. Completed in 1964, this reser-
voir stores Snake River flows to irrigate 33,960 acres 
(13,750 ha) of semi-arid land in the Ainsworth, Nebraska 
area. The reservoir itself supports an excellent non-
reproducing walleye population as well as naturally-
reproducing populations of largemouth and small mouth 
bass, white bass, yellow perch, crappie, and alewife 
(A/osa pseudoharengus). 
Before completion of Merritt Dam in 1964, the Snake 
River resembled a typical Sandhill stream. The bed con-
sisted of fine sand particles with scattered areas of ex-
posed shale. Fed by groundwater inflow, the stream sup-
ported marginal brown and rainbow trout populations. 
Water temperatures ranged from 55°F (12.8°C) in the 
winter to about 75°F (23.9°C) during the summer. The 
average width of the stream was about 30 feet (9.1 m), 
and average depth was 1.5-2.0 feet (0.5-0.6 m). Game 
and Parks Commission stocking records show that rain-
bow trout, brown trout, brook trout, small mouth bass, 
channel catfish, and walleye were stocked between 1915 
and 1965. 
In August 1963, the Snake River between Kearns 
Bridge and the U.S.G.S. gaging station near Burge, Ne-
braska, was renovated to eradicate an abundant sucker 
population (Schoenecker and Peckham 1963). This 
U.S.G.S. gaging station is located 2.1 miles (3.4 km) 
below the dam. The renovation was carried out prior to 
the closure of Merritt Dam to prevent establishment of 
rough fish in the reservoir. The stream was electrofished 
following renovation and, although the sucker population 
was greatly reduced, a complete kill was not achieVed 
(Table 11). In September 1963, 80,0004-6 inch (10.2-15.2 
cm) brown trout were stocked in the river above the dam 
and 64,000 rainbow trout fingerlings were stocked in the 
river around the dam site. The dam was completed in 
February, 1964, and as the reservoir filled, an additional 
200,000 rainbow fingerlings were stocked in the reservoir 
(Schoenecker and Peckham 1964). 
The river immediately below the dam underwent dra-
matic changes with the closure of the dam. Rapid degra-
dation of the channel exposed large boulders and exten-
sive rubble and gravel deposits. This substrate provided 
good habitat for the trout and increased the productivity of 
benthic organisms. 
In 1977, the stream contained a large population of 
brown trout; although rainbow trout were occasionally 
caught by fishermen, they were not as abundant as the 
browns. The white sucker population survived the reno-
vation and were present in great numbers. Reports from 
area fishermen and direct observation during low-
flow periods provided the only current fish distribution 
information. 
Brown trout are limited by longitudinal increases in 
temperature to the 15 miles (24 km) of river below Merritt 
30 
Table 11. Fish species collected during and after 1963 
renovation of Snake River, Cherry County, 
Nebraska. 
Common Name Scientific Name 
Post 
Reno- Reno-
vation vation 
White sucker Catostomus commersoni X X 
Brown trout Salmo trutta X 
Rainbow trout Salmo gairdneri X 
Creek chub Semotilus atromaculatus X X 
Pearl dace Semotilus margarita X 
Finescale dace Phoxinus neogaeus X 
Northern red belly dace Phoxinus eos X 
Longnose dace Rhinichthys cataractae X X 
Sand shiner Notropis stramineus X X 
Bigmouth shiner Notropis dorsalis X 
Golden shiner Notemigonus crysoleucas X 
Red shiner Notropis lutrensis X 
Brassy minnow Hybognathus hankinsoni X 
Flathead minnow Pimephales promelas X 
Plains topminnow Fundulus sciadicus X 
Brook stickleback Culaea jnconstans X X 
Grass pickerel Esox americanus X 
Largemouth bass Micropterus salmoides . X 
Green sunfish Lepomis cyanel/us X 
Bluegill Lepomis macrochirus X 
Pumpkinseed Lepomis gibbosus X 
Reservoir: Life stages and important months are depicted 
in Figure 23. Th~ 15 miles (24 km) were divided into three 
separate segments, each represented by one study site. 
The upper study site represented the river immediately 
below the dam downstream to the Snake River Falls. This 
4 mile (6.4 km) reach contains deep pools and runs within 
a narrow channel (Figure 24). The site encompassed 130 
feet (39.6 m) of stream with an average width of 37 feet 
(11.3 m). Six transects were used to describe the site, and 
hydraulic data were taken at 22 cfs (0.6 cms), 92 cfs (2.6 
cms), and 220 cfs (6.2 cms). Area fishermen reported the 
few fish found in this stretch of river were of large indi-
vidual size. 
The middle study site represented the river between 
the Snake River Falls and the confluence of Steer Creek. 
This 4 mile (6.4 km) segment was reported to contain a 
larger overall number of trout of smaller individual size 
than the upper reach. The study site selected was 113 
feet (34.4 m) long and 61 feet (18.6 m) wide. Five tran-
sects were used to describe the site, and field data were 
collected at 21 cfs (0.6 cms), 76 cfs (2.1 cms), and 212 cfs 
(5.9 cms). Gravel beds were apparent (Figure 25), sug-
gesting that this area was of prime importance for 
reproduction. 
The lower study site represented the Snake River 
between Steer Creek and the confluence of the Snake 
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Figure 22. 
Potential habitat (WUA) vs. discharge for chan-
nel catfish. Upper Cedar River near Ericson, 
Nebraska. Data plotted from WSP/HABTAT 
computer program. 
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Figure 23. 
Brown trout periodicity, Snake River, Cherry 
County, Nebraska. 
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Figure 24. 
Upper Snake River, Cherry County, Ne-
braska. High Flow, Discharge = 220 cfs 
Figure 25. 
Middle Snake River, Cherry County, Ne-
braska. Medium Flow, Discharge = 76 cfs 
Figure 26. 
Lower Snake River, Cherry County, Ne-
braska. Medium Flow, Discharge = 130cfs 
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River and the Niobrara River. This 7 mile (11.3 km) seg-
ment contained bass, pike, and small centrarchids in 
addition to trout. The study site (Figure 26) was 48 feet 
(14.6 m) wide and encompassed 282 feet (86.0 m) of 
river. Six transects were used to describe the study site, 
and field data were taken at 62 cfs (1.7 cms), 130 cfs 
(3.6 cms), and 313 cfs (8.8 cms). 
All recommendations for the Snake River below Mer-
ritt Reservoir are referenced to the U.S.G.S. gaging sta-
tion near Burge, Nebraska (Table 12). Recommendations 
derived using the Tennant and Modified Tennant methods 
would require three to four times the present average 
summer flows; given the existing demand for irrigation 
water, attainment of this flow is unlikely. The Single Cross-
section method is based on the minimum flow satisfying a 
predetermined biological criterion. The criterion used for 
the Snake River was 25% of the stream's surface width 
greater than or equal to 0.5 feet (0.2 m). This criterion was 
used for spawning and rearing rainbow trout on Nine Mile 
Creek but was not field tested for brown trout in the Snake 
River. The recommendation derived using the Single 
Cross-Section method would require double the present 
average summer flows. 
The IFG4/HABTAT and WSP/HABTAT computer 
programs were both used on the Snake River. Recom-
mendations derived from both .methods incorporated all 
three study sites. Data from each site were weighted ac-
Table 12. Comparison of instream flow recommendations 
in (cfs) derived using selected methods, Snake 
River near Burge, Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant Section WSP/HAB IFG/HAB 
October 15 28 66 35 15-all 15-all 
November 220 28 66 35 220-all 150 
December 220 28 66 35 70 70 
January 220 28 66 35 70 50 
February 250 28 66 35 70 50 
March 240 28 66 35 70 70 
April 220 57 66 35 70 70 
May 160 57 66 35 160-all 90 
June 140 57 66 35 140-all 90 
July 17 57 66 35 17-all 17-all 
August 16 57 66 35 16-all 16-all 
September 16 57 66 35 16-all 16-all 
Ave. Annual 145 42 66 35 78 59 
cording to the river mileage each site represented. A plot 
of the IFG4/HABTAT output showed that maximum WUA 
for fry and juvenile brown trout occurred at approximately 
50 cfs (1.4 cms). ~aximum WUA for adults occurred at 75 
cfs (2.1 cms), suggesting high flows were as damaging as 
low flow conditions (Figure 27). IFG4/HABTAT output for 
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Figure 29. 
Little Blue River near Oak, Nebraska. 
Medium Flow, Discharge = 35 cfs 
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both brown and rainbow trout were produced to identify 
possible reasons for the abundant brown trout population. 
The brown trout fry WUA was five times greater than the 
rainbow fry WUA, and brown trout juvenile WUA was 
twice as abundant as rainbow juvenile WUA at any given 
flow. In addition, the present flow regime favors the fall 
spawning brown trout over the spring spawning rain-
bow trout. 
The recommendation derived from WSP/HABTAT 
output was similar to the IFG4/HABTAT recommendation 
except for the amount of water needed during May and 
June. This was the result of the bimodal distribution of 
the adult brown trout WUA (Figure 28). The reason for the 
discrepancy was not addressed in this study, but the WSP 
program is generally considered to be less accurate than 
the IFG4 program. Both programs clearly show that pres-
ent summer low flow conditions are a serious detriment 
to the Snake River fishery. Recommendations for the 
Snake River were calculated within the constraints of the 
median daily flow. By changing the reservoir operating 
procedures, summer flows could be augmented without 
altering the amount or timing of water available for irriga-
tion (Appendix B). 
Little Blue River 
The Little Blue River between Alexandria and De-
weese, Nebraska, was represented by one study site 
near Oak, Nebraska (Figure 29). The river channel con-
tained unconsolidated sand particles and meandered 
between several alluvial terraces. Channel catfish were 
the target management species but population estimates 
for this area were not available. The study site chosen 
was 575 feet (175 m) long with an average channel width 
of 155 feet (47 m). The study site was measured at 62 cfs 
(1.7 cms), 35 cfs (1.0 cms), and 22 cfs (0.6 cms.). 
Recommendations derived from the various methods 
were referenced to the U.S.G.S. gaging station near De-
weese, Nebraska. The Tennant method recommendation 
was nearly twice the Modified Tennant recommendation, 
while the Single Cross-Section resulted in an average of 
the two (Table 13). Channel catfish criteria were used for 
the Single Cross-Section and WSP/HABTAT analysis, 
but because of bed instability, the IFG4/HABTAT pro-
gram could not be used. TheWUA discharge relationships 
developed with the WSP/HABTAT program were nearly 
linear for all life stages except fry (Figure 30). Fry WUA 
increased rapidly up to 45 cfs (1.3 cms) and then in-
creased only slightly with increased discharge. Additional 
information on the abundance and periodicity of channel 
catfish in the Little Blue River was needed to develop a 
recommendation using the WUA data. Since the informa-
tion was not available, the median daily flow for each 
month was recommended. 
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Figure 31 . West Fork of the Big Blue River near McCool 
Junction, Nebraska. Medium Flow, Discharge 
= 23 cfs 
Figure 32. West Fork of the Big Blue River near Dor-
chester, Nebraska. Medium Flow, Discharge 
= 81 cfs 
36 
Table 13. Comparison of instream flow recommendations 
(in cfs) derived using selected methods, Little 
Blue River near Deweese, Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant Section WSP/HAB IFG/HAB 
October 56 27 17 31 56 N/A 
November 59 27 17 31 59 
December 57 27 17 31 57 
January 58 27 17 31 58 
February 63 27 17 31 63 
March 73 27 17 31 73 
April 75 27 17 31 75 
May 86 54 17 31 86 
June 94 54 17 31 94 
July 72 54 17 31 72 
August 66 54 17 31 66 
September 53 54 17 31 53 
Ave. Annual 68 40 17 31 68 
West Fork Big Blue River 
Fifty miles (80 km) of the West Fork of the Big Blue 
River were included in this study because it was a mud 
bed stream that supported a good channel catfish popu-
lation. Two study sites were chosen to represent the river; 
an upper study site at McCool Junction and a lower study 
site near Dorchester, Nebraska. The McCool Junction 
study site covered 490 feet (149 m) of river with an aver-
age width of 53 feet (16 m) (Figure 31) . Five transects 
were used to describe the site with measurements taken 
at 167 cfs (4.7 cms), 23 cfs (0.6 cms), and 8 cfs (0.2 cms) . 
The lower study site near Dorchester, Nebraska, 
encompassed 270 feet (82 m) of river with an average 
width of 88 feet (27 m) (Figure 32) . The five transects 
used at this site were measured at 92 cfs (2.6 cms), 81 cfs 
Table 14. Comparison of instream flow recommendations 
(in cfs) derived using selected methods, West 
Fork of the Big Blue River near Dorchester, 
Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant Section WSP/HAB IFG4/HAB 
October 56 30 17 36 56 N/A 
November 62 30 17 36 62 
December 57 30 17 36 57 
January 54 30 17 36 54 
February 66 30 17 36 66 
March 78 30 17 36 78 
April 83 60 17 36 83 
May 100 60 17 36 100 
June 94 60 17 36 94 
July 100 60 17 36 100 
August 110 60 17 36 110 
September 77 60 17 36 77 
Ave. Annual 78 45 17 36 78 
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Figure 33. 
Potential habitat (WUA) vs. discharge for 
channel catfish, West Fork of the Big Blue 
River near Oak, Nebraska. Data plotted from 
WSP/HABTAT program. 
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(2.3 Cms); and 63 cfs (1.8 cms). Recommendations for 
this-section of rrver were referenced to the U.S.G.S. gag-
ing"station near Dorchester,Nebraska. The Tennant 
method recommendation of 60 cfs (1.7 cms) during the 
summer months is less than the 50% daily exceedance 
flows but exceeds the 90% daily exceedance flows for 
August and September. The Modification of Tennant's 
method suggested flows lower than any other method 
(Table 14) and would cause a 35% reduction in wetted 
channel width. Channel catfish criteria were·used for the 
WSP/HABTAT program and predicted positive, nearly-
linear relationships for all life stages except fry (Figure 33). 
A plot of the fry WUA showed a curvilinear relationship 
with the peak occurring near 75 cfs (2.1 cms). Since 
abundance and periodicity information was not available, 
the median daily flow for each month was recommended. 
North Fork Big Nemaha River 
The NorthFork o( the Big Nemaha River from Elk 
Creek, Nebraska, downstream to the confluence with the 
South Fork of the Big Nemaha was chosen because of its 
poor catfish fishery. This stretch was included to deter-
mine if the recommendations would adjust for the poor 
fishery. The study site selected was near Humboldt, Ne-
braska, where the width of the river was nearly 151 feet 
(46.0 m) (Figure 34). Five transects were used to describe 
the study site; field measurements were taken at 346 cfs 
(9.7 cms), 65 cfs (1.8 cms), and 46 cfs (1.3 cms). 
In 1961, a survey by Nebraska Game and Parks 
Commission biologists (Miller 1961) reported this section 
had the lowest channel catfish population of the entire Big 
and Little Nemaha River drainage. They described the 
river bed as being uniformly flat with a few small holes 
scoured around submerged logs. River conditions in 1978 
remained largeiTy unchanged; the numbers of natural 
cavities had increased but recurring low flows rendered 
them unusable by catfish. Intensive farming contributed to 
fla.sh floods followed by very low flows. Flow records from 
1968 to 1977 reveal high average monthly flows but low 
daily flows (Table 15). 
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Table 15. Flow records for the North Fork of the Big 
Nemaha River near Humboldt, Nebraska, 
1968-1977. 
JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC 
50% daily 
exceedance 38 66 85 67 89 49 28 27 27 28 40 39 
flows 
90% daily 
exceedance 19 29 30 24 27 12 10 12 14 15 24 25 
flows 
Average 
monthly 116 214 304 258 252 116 108 152 216 248 74 92 
All recommendations derived from the selected 
methods were adjusted to the U.S.G.S. gaging station 
two miles (3.2 km) upstream from the study site (Table 16). 
Under current flow conditions, the Tennant recommenda-
tion for July through October could not be obtained 70% 
of the time. The Modified Tennant recommendation could 
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Figure 34. 
North Fork of the Big Nemaha River near 
Humboldt, Nebraska. Medium Flow, Dis-
charge = 65 cfs 
Table 16. Comparison of instream flow recommendations 
(in cfs) derived using selected methods, North 
Fork of the Big Nemaha near Humboldt, 
Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant Section WSP/HAB IFG4/HAB 
October 28 
November 40 
December 39 
January 38 
February 66 
March 85 
April 67 
May 89 
June 49 
July 28 
August 27 
September 27 
Ave. Annual 48 
36 
36 
36 
36 
36 
36 
72 
72 
72 
72 
72 
72 
54 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
12 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
27 
28 
40 
39 
38 
66 
85 
67 
89 
49 
28 
27 
27 
48 
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not be satisfied 10% of the time. The WSP/HABTAT pro-
gram was calibrated using the 65 cfs (1.8 cms) flow mea-
sui'eiTi~mt; this limited the range of extrapolation to flows 
between 26 cfs (0.7 cms) and 162 cfs (4.5 cms) (Figure 
35). Compared with the WUA predicted for the other 
streams, the adult channel catfish WUA for the North Fork 
of the Nemaha River was lower at any given flow than for 
any other warmwater stream modeled. A recommenda-
tion derived from this data would have to take into account 
whether this river was to be managed for an adult catfish 
fishery or as a catfish spawning and nursery river. That 
decision, as well as periodicity and population data, was 
not available; therefore, the WSP/HABTAT data could 
not be used and the recommendation was the median 
daily flow for each month. 
Long Pine Creek 
Long Pine Creek was considered for this study be-
cause it supported a good trout population and the chan-
nelniorphology changed considerably along its 32 mile 
(51.5 kill) length. It originated in the rolling sandhill coun-
try'ofBrown County, Nebraska, and flowed northward to 
the Niobrara River. The stream supported natural repro-
dUcihgpopulations of brown and rainbow trout which 
were ::;upplemented by stockings of catchable-sized trout 
to meet seasonal fishing demands of this popular recre-
ational resource. 
Three study sites were used to describe portions of 
the stream; at least five additional sites would be needed 
to adequately represent the entire stream. The upper 
study site represented the upper 6 miles (9.6 km), which 
flowed through closely grazed rangeland interspersed 
with numerous junipers. This area had a poor trout popu-
lation and a channel completely filled with fine sand 
(Figure 36). The study site selected was 32 feet (9.75 m) 
wide, 98 feet (29.9 m) long and was measured at 10 ds 
(0.3 cms), 11 cfs (0.3 cms) and 15 cfs (0.4 cms). 
The stream left the grazed rangeland and flowed 
through an area heavily wooded with deciduous trees. 
This area confained good trout habitat with numerous 
undercut banks and log snags but was not described by a 
study site. Below the town of Long Pine, a distance of 
about 12 miles (19.3 km) from the headwaters, the stream 
flowed through a State Recreation Area. This popular 
tourist area had stream improvement structures installed 
several years ago which were still' in use. The 1 mile 
(1.6 km) stretch through the state area contained excel-
lent trout habitat but was not represented by a study site. 
The second study site was located 16 miles (25.7 km) 
from the headwaters and represented the 4 miles (6.4 km) 
of stream below the State Recreation Area (Figure 37). 
This section had excellent gravel deposits with out-
croppings of shale and calcareous boulders. Abundant 
beds of Ranunculus spp. and watercress formed dense 
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mats along the banks providing cover for juvenile trout as 
well as stabilizing banks and increasing invertebrate 
production. The stream width at this second study site 
was 35 feet (10.7 m) and was described by seven tran-
sects. Stream measurements at this study site were taken 
at 65 cfs (1.8 cms), 72 cfs (2.0 cms), and 85 cfs (2.4 cms). 
The third study site represented the 4 miles (6.4 km) 
between the section covered by the second study site 
and the confluence of Long Pine with Bone Creek (Figure 
38). This area contained numerous stream improvement 
structures which were installed in 1977. These structures 
caused local scour which exposed shale and gravel beds 
and provided additional cover for trout. . Beds of wa-
tercress lining the banks increased stream productivity. 
The average stream width at the third study site was 49 
feet (14.9 m) with substrate consisting of approximately 
50% sand, 40% gravel, and 10% shale. 
Rainbow and brown trout were the primary game fish 
found in Long Pine Creek and, although the stream sup-
ported natural reproduction of both species, the upper 13 
miles (20.9 km) are stocked with 7-8 inch (18-20 cm) 
brown and rainbow trout to meet fishing demand. The 
lower 9 miles (14.5 km) of stream received no sup-
plemental stocking. 
The only flow records for this stream were from the 
U.S.G.S. gaging station near Riverview, Nebraska. The 
gage was about 1 mile below the confluence of Bone 
Creek and Long Pine Creek; thus, all recommendations 
had to be adjusted for the change in discharge between 
the study sites and the gage (Table 17). The Single 
Cross-Section recommendation was derived from the 
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Figure 36. 
Long Pine Creek near Long Pine, Nebraska, 
Upper Study Site. Low Flow, Discharge = 10 cfs 
Table 17. Comparison of instream flow recommendations 
(in cfs) derived using selected methods, Long 
Pine Creek near Riverview, Nebraska. 
Single 
Median Modified Cross-
Months Daily Tennant Tennant Section WSP/HAB IFG4/HAB 
October 120 28 37 65 114 N/A 
November 130 28 37 65 130-all 
December 120 28 37 65 114 
January 120 28 37 p5 120-all 
February 130 28 37 65 114 
March 140 28 37 65 130 
April 140 56 37 65 130 
May 150 56 37 65 150-all 
June 150 57 36 65 150-all 
.July 140 56 37 65 140-all 
August 140 56 37 65 140-all 
September 140 56 37 65 140-all 
Ave. Annual 135 42 37 65 130 
rainbow trout criteria for Nine Mile Creek. A flow of 33 cfs 
(0.9 cms) was the minimum discharge which met the 
rainbow trout criteria at the two lower study sites and was 
then adjusted for the gage station. The upper study site 
recommendation was for 24 cfs (0.7 cms), but since the 
average size of trout in this area is much smaller than the 
assumed 20 inches (0.5 m), this flow appeared excessive. 
The WSP/HABTAT programs had to be used for all 
three study sites because sand movement in the stream 
channel prevented the use . of IFG4/HABTAT. The 
Figure 37. 
Long Pine Creek near Long Pine, Ne-
braska, Middle Study Site. High Flow, 
Discharge = 85 cfs 
Figure 38. 
Long Pine Creek near Long Pine, Ne-
braska, Middle Study Site. High Flow, 
Discharge = 85 cfs 
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WSP/HABTAT recommendation considered only the 
two lower study sites. The upper site was not included 
when deriving the recommendation because it contained 
such small amounts of WUA. Low WUA at the upper 
study site could be traced to the sand substrate. If gravel 
substrate could be exposed, the WUA would compare 
very favorably with that at the other two study sites. This 
was determined by running the WSP/HABTAT program 
substituting gravel substrate for the sand. This substitu-
tion caused a threefold increase in the upper study site 
WUA for all life stages of rainbow trout. 
WSP/HABTAT output for the two lower study sites 
was integrated to derive one recommendation. This rec-
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ommendation was determined for the 8 miles (12.9 km) of 
stream represented by the two lower study sites and then 
adjusted for the increased flow at the gaging station. 
Brown and rainbow trout were weighted evenly since reli-
able population estimates for the two study reaches were 
not available. The WUA: discharge relationship for the 
two species were nearly identical for every life stage ex-
cept adults. The adult rainbow trout WUA peaked at 
60 cfs (1.7 cms) (Figure 39), while the adult brown trout 
WUA peaked at 160 cfs (4.5 cms). Total adult WUA de-
terminations for the two species, however, were within 
20% of each other at all flows: 
SUMMARY 
Instream flow recommendations based upon the Ten-
nant method can be quickly calculated, are inexpensive 
to determine, and require little technical expertise. Using 
re,adily-available U.S.G.S. flow records, the recommen-
dation ,is derived as a percentage of the stream's average 
annual flow. For most streams, the Tennant method pro-
duces concrete if simplistic recommendations. The 
method often results in flows which are not normally avail-
abJe or unprecedented low. flow conditions which cause 
habitat degradation . 
. The Sand Hills region, which covers two-fifths of the 
state, produces little overland runoff to streams (Keech 
Beutall 1971). Streams in this area are maintained by 
groundwater inflow and have very uniform discharge. 
Tennant recommendations for the Cedar River, a typical 
Sand Hills stream, are less than half of the lowest mean 
monthly di~charge for every month for the period of record 
(Shaffer 1974). Average monthly flows would be reduced 
60-80% every month of the year. This flow reduction 
would seriously disrupt the wetland ecosystem associ-
ated with the Cedar River. 
Further limitations of the Tennant method become 
apparent when it is applied to streams directly controlled 
by man. The Republican River between the Superior/ 
Courtland diversion and the Nebraska/Kansas state-
line is directly controlled by the diversion and indirectly 
by the Harlan County dam. Application of the Tennant 
method to this reach of the Republican River results 
in flow recommendations rarely available during certain 
months. Maintenance of the river in a "good" condition 
(40%, April-September) would require nearly 200 cfs (5.6 
cms) or twice the median monthly flow for July, August, 
and September. The demand for irrigation water is great-
est during this time, and the BuRec, the agency control-
ling tlie stream's flow, could not, under current Nebraska 
water law, augment the natural flows with water intended 
for irrigation. 
Another limitation of the Tennant method is lack of 
information on alternative flows. In recent years, litigation 
over environmental issues has increased; the courtroom 
resolution of conflicts requires that streamflow recom-
mendations be documented and defendable. A 
methodology must allow recommendation of the needed 
instream flow regime and prediction of probable conse-
quences of flow alterations. The Tennant method pro-
vides only minimal guidance in predicting the effects of 
altered streamflow. 
The Tennant method fails to distinguish between 
streams with different qualities of fish populations. Using 
the Tennant method, a stream supporting carp and bull-
heads but with the same average annual flow as another 
stream supporting trout or channel catfish, would be allo-
cated the same amount of water. An investigator is 
provided with little information if trade-offs are required. 
The Modified Tennant method uses a percentage of a 
base flow estimate to determine flow recommendations; 
the base flow is defined as the median monthly flow dur-
ing November, December, and January. Adjusting for the 
effects of stable stream discharge, the Modified Tennant 
method, in some cases, also adjusts for man's influence 
upon the stream's flow regime. October through March 
recommendations are generally higher, while April through 
September recommendations are lower, than most Ten-
nant recommendations. Where natural summer flows are 
augmented by irrigation runoff or water released from 
storage, the Modified Tennant method will result in flows 
lower than those recommended using Tennant's average 
annual flow. Streamflow severely depleted by summer 
withdrawals or diversion will receive -higher flow recom-
mendations than that obtained using Tennant's original 
method. The Modified Tennant method, like the Tennant 
method, still has very limited res01ution and is primarily 
useful as an interim measure early in the planning process. 
Where use of water is highly contested, a method 
which assesses the effect of altered flow regimes is 
needed. The Single Cross-Section method, using the 
IFG1 A computer program, has been successfully applied 
in the western mountain states, but is not well suited for 
Nebraska streams. The method determines the minimum 
flow that satisfies predetermined biological criteria. Spe-
cific stream habitat requirements for many Nebraska 
fish species are not known, and their exact determination 
is crucial to successfully using the Single Cross-Section 
method. The unstable channel conditions of sand-bed 
streams cause considerable variation in individual stream 
recommendations depending upon channel conditions at 
the time of measurement. 
Application of the Incremental method uses one of two 
hydraulic simulation models in conjunction with a habitat 
assessment program, to predict the effects of altered flow 
regimes on the fish community. The IFG4 simulation 
model requires three measurements of a study site and is 
suitable only for stable bed streams. The WSP simulation 
model requires only one set of field measurements and 
can be used on unstable stream channels. Its range of 
extrapolation is not as great as that of the IFG4 modef 
and requires knowledge of basic hydraulics. Used in con-
junction with the HABTAT program, these computer pro-
grams will provide sufficient information to resolve most 
instream flow issues. To fully utilize the capabilities of 
these programs, however, stream specific fish distribution 
and abundance data are required. 
Regardless of the method used, recommendations 
should be listed as a monthly flow regime on a yearly 
basis. A monthly flow recommendation is needed to in-
corporate the seasonal requirements of the fish popula-
tion and to effiCiently utilize the available water. Monthly 
flow recommendations could also incorporaie the periodic 
high flushing flows needed to maintain the stream chan-
nel. Unmitigated changes in the annual flow and mag-
nitude of floods would initiate stream channel responses 
(Leopold and Maddock 1953) that would alter the amount 
of habitat available to fish. 
The pursuit of one comprehensive method for recom-
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mending instream flows is useless. Assessments that 
result in a single valued stream flow promote the mistaken 
assumption that only stream flows below this figure are 
detrimental to the fishery. Single value flow methods are 
inflexible and inadequate when presented in a negotiating 
arena. They are of value only for providing quick, over-
simplistic answers. The Modified Tennant method ap-
pears to be the most useful for Nebraska reconnaissance 
grade studies. It provides only minimal guidance for as-
sessing streamflow-fisheries tradeoffs but is easy and 
inexpensive to use. 
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Where instream flow issues might be resolved through 
negotiation, or where they involve valuable fishery re-
sources, a more intensive method might be justified. The 
Incremental method, using either the IFG4 or WSP simu-
lation model, will assess the effects of altered flow re-
gimes on stream fisheries. It is useful for determining 
stream specific instream flow recommendations, 
evaluating water control projects, and assessing fish 
management plans. Although requiring a greater time and 
financial commitment, the Incremental method provides 
the information needed for responsibly resolving conflicts. 
REFERENCES 
Anonymous. 1974. Instream need subgroup report, work 
group C. water. Northern Great Plains Resource 
Program. Un pub. MS. 35p. 
Bliss, Q. and Schianost, S. 1973. Stream survey reports 
for Elkhorn, Republican, North Platte, Cedar, Loup 
and Niobrara River Basins. Nebr. Game and Parks 
Commission Publications. 
Bovee, K. D. 1973. Probability-of-use criteria for the fam-
ily Salmonidae. USFWS Cooperative Instream Flow 
Service Group, Fort Collins, Colorado. 88p. 
Bovee, K. D., and T. Cocknauer. 1977. Development and 
evaluation of weighted criteria, probability-of-use 
curves for instream flow assessments; fisheries. 
USFWS Cooperative Instream Flow Service Group, 
Fort Collins, Colorado. 49p. 
Bovee, K. D., and R. T. Milhous. 1978. Hydraulic simula-
tion in instream flow studies: theory and techniques. 
USFWS Cooperative Instream Flow Service Group, 
Fort Collins, Colorado. 130p. 
Everest, F. H., and D. W. Chapman. 1972. Habitat selec-
tion and spatial interaction by juvenile chinook sal-
mon and steelhead trout in two Idaho streams. J. 
Fish. Res. Bd. Canada 29:91-100. 
Keech, C. F., and R. Bentall. 1971. Dunes on the plains, 
the Sand Hills region of Nebraska. Resource Report 
4, Conservation and Survey Division, Institute of 
Agriculture and Natural Resources, University of 
Nebraska. 18p. 
Leopold, L. B. and T. Maddock, Jr. 1953. The hydraulic 
geometry of stream channels and some physio-
graphic implications. U.S. Geological Survey Pro-
fesional Paper 252. 19p. 
Leopold, L. B., J. P. Miller, and M. G. Wolman. 1974. 
Fluvial processes in geomorphology. W. H. Freeman 
and Co., San Francisco, California. 354p. 
Messman, L. 1973. Movements, age and growth of chan-
nel catfish (/ctalurus punctatus) in the Republican 
River, Nebraska. Thesis, University of Nebraska, 
Lincoln, Nebraska. 
Miller, G. 1961. Nemaha River survey report. Nebraska 
Game and Parks Commission, Lincoln, Nebraska. 
Unpub. Report. 6p. 
Moberly, SA 1967. Renovation of Cedar River and Lake 
Ericson. Nebraska Game and Parks Commission, 
Lincoln, Nebraska. Unpub. Report, F-7 -D, No. 14. 13p. 
Morris, L. and W. Meyer. 1960. The fishery of the Cedar 
River. Nebraska Game and Parks Commission, Lin-
coln, Nebraska. Unpub. Report, F-4-R, NO.8. 5p. 
Peters, E. J. 1978. The effects of irrigation return flow on 
the biota of Nine Mile Creek, Scotts Bluff County, 
Nebraska. Dept. of F.orestry, Fisheries and Wildlif~, 
University of Nebraska, Lincoln, Nebraska. Unpub. 
Report. 31 p. 
Schoenecker, W., and R. Peckham. 1963. Snake River 
renovation report. Nebraska Game and Parks Com-
mission, Lincoln, Nebraska. Unpub. Report. 30p. 
Shaffer, F. B. 1974. Characteristics of streamflow at gag-
ing stations in the Loup River Basin, Nebraska. U.S. 
Geological Survey Open-File Report 7401. 105p. 
Smith, A. K. 1973. Development and application of 
spawning velocity and depth criteria for Oregon sal-
monids. Trans. Amer. Fish Soc. 102(2): 312-316. 
Swank, G. W., and R. W. Phillips. 1976. Instream flow 
methodology for the Forest Service in the Pacific 
Northwest Region. pp. 334-343. In J. F. Orsborn 
and C. H. Allman, eds. Proceedings of the Sympo-
sium and Specialty Conference on Instream Flow 
Needs. Vol II. American Fisheries Society, Bethes-
da, Maryland. 
Tennant, D. L. 1976. Instream Flow regimens for fish, 
wildlife, recreation and related environmental re-
sources. pp. 359-373. In J. F. Orsborn and C. H. 
Allman, eds. Proceedings of the Symposium and 
Specialty Conference on Instream Flow Needs. Vol. 
II. American Fisheries Society, Bethesda, Maryland. 
Thompson, K. E. 1972. Determining streamflows for fish 
life. pp. 31-50. In Proc. Instream Flow Requirement 
Workshop, Pacific N.W. River Basins Commission, 
Portland, Oregon. 
Thompson, K.E. 1974. Salmonids-Chap. 7. pp. 85-103. 
In Bayka, K. ed. The anatomy of a river. Report of 
the Hells Canyon Task Force. Pacific N.W. River 
Basins Commission, Portland, Oregon. 
U.S. Fish and Wildlife Service. 1966. Kansas River Basin 
- Republican River, Nebraska-Fishery study of ex-
perimental flows. Unpub. Report. Grand Island, Ne-
braska. 28p. 
Van Velson, R. C. 1978. The McConaughy rainbow ... life 
history and a management plan for the North Platte 
River valley. Nebraska Game and Parks Commis-
sion. Nebraska Technical Series NO.2. 83p. 
Van Velson, R. C. 1978. North Platte River Fishery In-
vestigations. Nebraska Game and Parks Commis-
sion, Lincoln, Nebraska. Unpub. Report, F-12-R, 33p. 
Voos, K. A, W. J. Grenney, and K. P. Burnham. 1981. A 
model for fish habitat usability. Contact: Kenneth A 
Voos, Cooperative Instream Flow Service Group, 
USFWS. Fort Collins Colorado. 23p. 
Wesche, T. A 1973. Parametric determination of minimum 
streamflow for trout. Water Resources Research 
Institute Rep., University of Wyoming, Laramie, 
Wyoming. 102p. 
Wesche, T. A and P. A Rechard. 1978. Instream flow 
research needs and fisheries methodology. Water 
Resources Research Institute. University of Wyo-
ming, Laramie, Wyoming. 158p. 
45 
APPENDIX A 
CHANNEL CATFISH HABITAT SUITABILITY CURVES 
The Instream Flow Group {IFG} habitat suitability 
curves for channel catfish were developed from literature 
research and limited field data on the Missouri River. 
These curves were biased for deep, fast water commonly 
found in association with rubble and boulder areas in the 
Missouri River. Modifications to the curves reflected the 
characteristics of channel catfish in sand-bed streams. 
The modifications were determined from personal experi-
ence and informal talks with field biologists. Field con-
firmation of the modified curves would be helpful to 
substantiate any resultant flow recommendations in a 
court of law. . 
CHANNEL CATFISH 
ADULTS 
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APPENDIX B 
Proposed Procedural Changes for Merritt Reservoir De-
signed to Increase the Potential Habitat (WUA) of the 
Snake River Downstream from the Reservoir. 
Since 1964, operation of Merritt Reservoir has fol-
lowed fairly standard procedures. During the winter, the 
reservoir was held below full capacity to minimize ice 
damage to the dam. Any excess water was released 
through a bottom withdrawal structure into the river with 
the flow ranging between 200 and 300 cfs (5.6-8.4 cms). 
Shortly after ice~out, all releases to the river were stopped 
to allow the reservoir to fill to capacity. This fil!ing period 
lasted for 2-4lNeeks with only 10-15 cfs (0.3-0.4 cms) 
released into the river. When the reservoir reached capac-
ity, additional water overflowed a drop inlet structure and 
was released into the river. The spring overflow ranged 
between 200 and 400 cfs (5.6-11.2 cms) and lasted for 
2-3 months. 
During June or July, water released into irrigation 
canals exceeded the overflow and the reservoir water 
level began to drop. Releases to the river ceased and 
the river flow was reduced to seepage from the dam, 
averaging about 15 cfs (0.4 cms). Low flows continued 
through the fall until the reservoir reached its winter hold-
ing level. 
Occasionally there was excess water in the reservoir 
and substantial flows were briefly released into the river. 
During August 1978, 150 cfs (4.2 cms) was released into 
the river for a period of 11 days. Immediately prior to and 
following this release, the entire river flow was 15 cfs 
(0.4 cms) consisting of seepage from the dam and ground-
water inflow. 
At least three changes could benefit the stream fish 
population with minimal effect on the reservoir's primary 
purpose of supplying irrigation water: 
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(1) maintain a minimum release of 70 cfs (2.0 cms) 
during the spring filling period; 
(2) evenly distribute mid-summer releases to optimize 
the use of any excess water; and 
(3) allow the reservoir to fill at a slower rate during 
the fall. 
Presently, all releases to the river cease during the 
spring filling period. The river flow is reduced from over 
300 cfs (8.5 cms) to 15 cfs (0.4 cms) for 9.28:c1ays. If the 
releases were held at 70 cfs (2.0 ems) instead of 15 cfs 
(0.4 cms), brown trout habitat (WUA) would be increased 
300%. Between 1968-1978, this procedure would have 
allowed the reservoir to fill to capacity from the winter 
holding level a minimum of four times over each spring. 
There would have been no danger of the reservoir not 
reaching capacity; the reservoir would simply fill at a 
slower rate. This procedure would have increased brown 
trout habitat by moderating the extreme high and low 
flows occurring uhder 'preserit'"Operatlons: 
During a two-week period in August, ~ 978, flows av-
eraging 134 cfs (3.6 cms) were released from the dam; 
these high flows were immediately preceded and followed 
by more than six weeks of 15-19 cfs (0.4-0.5 cms) re-
leases. Brief releases of 130 cfs (3.5 cms) were as detri-
mental to brown trout habitat as low releases of 15 cfs 
(0.4 cms). The high August flows could have been re-
leased at a constant 50 cfs (1.4 cms) for a five-week 
increase in brown trout WUA of 250%. 
Advance notification of impending releases would 
allow Game and Parks Commission personnel to work 
with the dam operator to schedule releases for more effi-
cient use of the available water. 
Optimal flows for brown trout from September through 
December range from 100 cfs (2.8 cms) to 150 cfs (4.2 
cms). Normal flows during September/October are too 
low, and November/December flows are too high .. In-
creasing September/October releases would alleViate 
early low flow conditions and lessen the adverse effects 
of early winter high flow conditions. Implementation of 
these procedures would not detract from the reservoir 
fishery and would serve to more efficiently utilize avail-
able resources. 
